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ENDOTHELIN CONVERTING ENZYME 
INHIBITORS 

This is a continuation of US. patent application Ser. 
No. 696,487, ?led May 6, 1991 and now abandoned, 
which is a continuation-in-part of US. patent applica 
tion Ser. No. 649,649, ?led Jan. 31, 1991 and now aban 
doned. 

TECHNICAL FIELD 

The present invention relates to compounds and com 
positions which inhibit endothelin converting enzyme 
(ECE), processes for making such compounds, syn 
thetic intermediates employed in these processes and 
methods for suppressing endothelin production, treat 
ing hypertension, congestive heart failure, myocardial 
infarction, reperfusion injury, coronary angina, cerebral 
vasospasm, acute renal failure, non-steroidal antiinflam 
matory drug induced gastric ulceration, cyclosporin 
induced nephrotoxicity, endotoxin-induced toxicity, 
asthma and atherosclerosis with such compounds. 

BACKGROUND ART 

Endothelin (ET) is a 21 amino acid peptide that is 
produced by endothelial cells. ET is produced by enzy 
matic cleavage of a Trp-Val bond in the precursor pep 
tide big endothelin (Big ET). This cleavage is caused by 
an endothelin converting enzyme (ECE). Endothelin 
has been shown to constrict arteries and veins, increase 
mean arterial blood pressure, decrease cardiac output, 
increase cardiac contractility in vitro, stimulate mito 
genesis in vascular smooth muscle cells in vitro, con 
tract nonvascular smooth muscle including guinea pig 
trachea, human urinary bladder strips and rat uterus in 
vitro, increase airway resistance in vivo, induce forma 
tion of gastric ulcers, stimulate release of atrial natri 
uretic factor in vitro and in vivo, increase plasma levels 
of vasopressin, aldosterone and catecholamines, inhibit 
release of renin in vitro and stimulate release of gonado 
tropins in vitro. 
An agent which suppresses endothelin production or 

an agent which binds to endothelin would be expected 
to produce bene?cial effects in a variety of therapeutic 
areas. In fact, an anti-endothelin antibody has been 
shown, upon intrarenal infusion, to ameliorate the ad 
verse effects of renal ischemia on renal vascular resis 
tance and glomerular ?ltration rate (Kon, et al., J. Clin. 
Invest. 83 1762 (1989)). In addition, an anti-endothelin 
antibody attenuated the nephrotoxic effects of intrave 
nously administered cyclosporin (Kon, et al., Kidney 
Int. 37 1487 (1990)) and attenuated infarct size in a coro 
nary artery ligation-induced myocardial infarction 
model (Watanabe, et al., Nature 344 114 (1990)). 
An endothelin converting enzyme has been reported 

which can be inhibited by pepstatin A (Wu-Wong, et 
al., Biochem. Biophys. Res. Commun. 171 1291 (1990)). 
However, no other inhibitors of this endothelin con 
verting enzyme are known. 

DISCLOSURE OF THE INVENTION 

In accordance with the present invention there are 
endothelin converting enzyme inhibiting compounds of 
the formula (I): 
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A-B- C-NH 

OH 

wherein 
A is hydrogen, an N-protecting group or 

R1NHCH(RZ)C(O)— wherein R1 is H or an N-protect 
ing group and R2 is hydrogen, loweralkyl, cycloalkyl, 
cycloalkylalkyl, carboxyalkyl or alkoxycarbonylalkyl; 
or A is HO2C(CH2),,C(O)— wherein n is 1 to 3; 
B is —-N(R4)CH(R3)C(O)— wherein R4 is hydrogen 

or loweralkyl and R3 is loweralkyl, cycloalkyl or 
cycloalkylalkyl; 

C is —N(R5)CH(R6)C(O)— wherein R5 is hydrogen 
or loweralkyl and R6 is hydrogen, loweralkyl, cy 
cloalkyl or cycloalkylalkyl; 

R is loweralkyl, cycloalkyl, cycloalkylalkyl, aryl or 
bicyclic heterocyclic; 

D is 
1) —OR7 wherein R7 is hydrogen, loweralkyl, cyclo 

alkyl or cycloalkylalkyl; 
2) —NRgRg wherein R3 and R9 are independently 

selected from hydrogen, loweralkyl, cycloalkyl, 
cycloalkylalkyl and —(CH2)m-—Z wherein m is 2 
to 8 and Z is —OH, heterocyclic, —SO3H, 
—COZRm wherein R10 is hydrogen or loweralkyl 
or Z is —NR11R12 wherein R11 and R12 are inde 
pendently selected from hydrogen, loweralkyl, 
cycloalkyl and cycloalkylalkyl; 

(3) —NHCH (R13)C(O)— wherein R13 is hydrogen, 
loweralkyl, cycloalkyl or cycloalkylalkyl; or 

(4) —N'HCH(R13)C(O)NHCH(R14)C(O)— wherein 
R13 is hydrogen, loweralkyl, cycloalkyl or cy 
cloalkylalkyl and R14 is hydrogen, loweralkyl, cy 
cloalkyl, cycloalkylalkyl, aminocarbonylalkyl, cy 
anoalkyl, carboxyalkyl or alkoxycarbonylalkyl; 
and 

E is 
(1) absent; 
(2) —OR15 wherein R15 is hydrogen, loweralkyl, 

cycloalkyl or cycloalkylalkyl; or 
(3) —NR16R17 wherein R16 and R17 are indepen 

dently selected from hydrogen, loweralkyl, cyclo 
alkyl, cycloalkylalkyl and —(CH2)‘,—Y wherein p 
is 2 to 8 and Y is —OH, heterocyclic, —SO3H, 
—CO2R1g wherein R18 is hydrogen or loweralkyl 
or Y is —NR19R20 wherein R19 and R20 are inde 
pendently selected from hydrogen, loweralkyl, 
cycloalkyl and cycloalkylalkyl; or a pharmaceuti~ 
cally acceptable salt, ester or prodrug thereof. 

In accordance with the present invention there are 
also endothelin converting enzyme inhibiting com 
pounds of the formula (II): 

R 

O 
"A /D_E 

(II) 

wherein 



5,338,726 
3 

A is hydrogen, an N-protecting group, 
R1NHCH(R2)C(O)— wherein R1 is H or an N-protect 
ing group and R2 is hydrogen, loweralkyl, cycloalkyl, 
cycloalkylalkyl, carboxyalkyl or alkoxycarbonylalkyl; 
or A is HOZC (CH2),,C(O)— wherein n is l to 3; 
B is —N(R4)CH(R3)C(O)— wherein R4 is hydrogen 

or loweralkyl and R3 is loweralkyl, cycloalkyl or cy 
cloalkylalkyl; 
C is —N(R5)CH(R6)C(O)— wherein R5 is hydrogen 
or loweralkyl and R5 is hydrogen, loweralkyl, cy 
cloalkyl or cycloalkylalkyl; 

R is loweralkyl, cycloalkyl, cycloalkylalkyl, aryl or 
bicyclic heterocyclic; 
P4 is hydrogen, loweralkyl or benzyl; 

D is 
l) —OR7 wherein R7 is hydrogen, loweralkyl, cyclo 

alkyl or cycloalkylalkyl; 
2) —NR3R9 wherein R3 and R9 are independently 

selected from hydrogen, loweralkyl, cycloalkyl, 
cycloalkylalkyl and —(CH2)m—Z wherein m is 2 
to 8 and Z is —OH, heterocyclic, --SO3H, 
—COzRm wherein R10 is hydrogen or loweralkyl 
or Z is —NR11R12 wherein R11 and R12 are inde 
pendently selected from hydrogen, loweralkyl, 
cycloalkyl and cycloalkylalkyl; 

(3) —NHCH (R13)C(O)— wherein R13 is hydrogen, 
loweralkyl, cycloalkyl or cycloalkylalkyl; or 

(4) —NHCH(R13)C(O)NHCH(R14)C(O)— wherein 
R13 is hydrogen, loweralkyl, cycloalkyl or cy 
cloalkylalkyl and R14 is hydrogen, loweralkyl, cy 
cloalkyl, cycloalkylalkyl, aminocarbonylalkyl, cy 
anoalkyl, carboxyalkyl or alkoxycarbonylalkyl; 
and 

E is 
(l ) absent; 
(2) —OR15 wherein R15 is hydrogen, loweralkyl, 

cycloalkyl or cycloalkylalkyl; or 
(3) —NR16R17 wherein R16 and R17 are indepen 

dently selected from hydrogen, loweralkyl, cyclo 
alkyl, cycloalkylalkyl and —(CH2)1,—Y wherein p 
is 2 to 8 and Y is —OH, heterocyclic, —SO3H, 
--CO2R1g wherein R18 is hydrogen or loweralkyl 
or Y is -NR19R20 wherein R19 and R20 are inde 
pendently selected from hydrogen, loweralkyl, 
cycloalkyl and cycloalkylalkyl; or a pharmaceuti 
cally acceptable salt, ester or prodrug thereof. 

In accordance with-the present invention there are 
also endothelin converting enzyme inhibiting com 
pounds of the formula (III): 

R (III) 
OH 

A-B-C-NI-l R21 

OH 

wherein 
A is hydrogen, an N-protecting group, 

R1NHCH(R2)C(O)—— wherein R1 is H or an N-protect 
ing group and R2 is hydrogen, loweralkyl, cycloalkyl, 
cycloalkylalkyl, carboxyalkyl, alkoxycarbonylalkyl or 
arylalkoxycarbonylalkyl; or A is HO2C(CH2),,C(O)— 
wherein n is 1 to 3; or A is RMC (O)— or R1,S(O)2— 
wherein R10 is heterocyclic; or A is (aminoalkyl)(alkyl 
)aminocarbonyl, (alkylaminoalkyl)(alkyl)aminocarbo 
nyl, (dialkylaminoalkyl)(alkyl)aminocarbonyl, (ami 
noalkyl)(alkyl)aminosulfonyl, (alkylaminoalkyl)(alkyl 
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4 
)aminosulfonyl, (dialkylaminoalkyl)(alkyl)aminosulfo 
nyl, (heterocyclicalkyl)(alkyl)aminocarbonyl or 
(heterocyclicalkyl)(alkyl)aminosu1fonyl; 
B is —N(R4)CH(R3)C(O)— wherein R4 is hydrogen 

or loweralkyl and R3 is loweralkyl, cycloalkyl or 
cycloalkylalkyl; 

C is —N(R5)CH(R6)C(O)- wherein R5 is hydrogen 
or loweralkyl and R6 is loweralkyl, cycloalkyl or 
cycloalkylalkyl; 

R is loweralkyl, cycloalkyl, cycloalkylalkyl, aryl or 
bicyclic heterocyclic; and 

R21 is loweralkyl, cycloalkyl or cycloalkylalkyl; or a 
pharmaceutically acceptable salt, ester or prodrug 
thereof. 
The chiral centers of the compounds of the invention 

can be racemic or asymmetric. Racemic mixtures, mix 
tures of diastereomers, as well as single diastereomers of 
the compounds of the invention are included in the 
present invention. The terms “S” and “R” con?gura 
tion are as de?ned by the IUPAC 1974 Recommenda 
tions for Section E, Fundamental Stereochemistry, 
Pure'Appl. Chem. (1976) 45, 13-30. 
The terms “Ala”, “Ash”, “Asp”, “He” and “Val” as 

used herein refer to alanine, asparagine, aspartic acid, 
isoleucine and valine, respectively. In general, the 
amino acid abbreviations used herein follow the 
IUPAC-TUB Joint Commission on Biochemical No 
menclature for amino acids and peptides (Eur. J. Bio 
chem. 1984, 158, 9-31). 
The term “N-protecting group” or “N-protected” as 

used herein refers to those groups intended to protect 
the N-terminus of an amino acid or peptide or to protect 
an amino group against undersirable reactions during 
synthetic procedures. Commonly used N-protecting 
groups are disclosed in Greene, “Protective Groups In 
Organic Synthesis,” (John Wiley & Sons, New York 
(1981)), which is hereby incorporated by reference. 
N-protecting groups comprise carbamates, amides, N 
alkyl derivatives, amino acetal derivatives, N-benzyl 
derivatives, imine derivatives, enamine derivatives and 
N-heteroatom derivatives. In particular, N-protecting 
groups include formyl, acetyl, benzoyl, pivaloyl, 
phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc), ben 
zyloxycarbonyl (Cbz) and the like. N-protecting groups 
also include an L- or D-aminoacyl residue, which can 
itself be N-protected. 
The term “O-protecting group” as used herein refers 

to a substituent which protects hydroxyl groups against 
undesirable reactions during synthetic procedures such 
as those O-protecting groups disclosed in Greene, “Pro~ 
tective Groups In Organic Synthesis,” (John Wiley & 
Sons, New York (1981)) . O-protecting groups comprise 
substituted methyl ethers, for example, methoxymethyl, 
benzyloxymethyl, 2-methoxyethoxymethyl, Z-(trime 
thylsilyl) ethoxymethyl, t-butyl, benzyl and triphenyl 
methyl; tetrahydropyranyl ethers; substituted ethyl 
ethers, for example, 2,2,2-trichloroethyl; silyl ethers, for 
example, trimethylsilyl, t-butyldimethylsilyl and t 
butyldiphenylsilyl; and esters prepared by reacting the 
hydroxyl group with a carboxylic acid, for example, 
acetate, propionate, benzoate and the like. 
The term “loweralkyl” as used herein refers to 

straight or branched chain alkyl radicals containing 
from 1 to 6 carbon atoms including, but not limited to, 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, 
sec-butyl, t-butyl, n-pentyl, l-methylbutyl, 2,2-dime 
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thylbutyl, 2-methylpentyl, 2,2-dimethylpropyl, n-hexyl 
and the like. 
The term “ary ” as used herein refers to a monocyclic 

or bicyclic carbocyclic ring system having one or more 
aromatic rings including, but not limited to, phenyl, 
naphthyl, tetrahydronaphthyl, indanyl and the like. 
Aryl groups can be unsubstituted or substituted with 
one, two or three substituents independently selected 
from loweralkyl, haloalkyl, alkoxy, thioalkoxy, amino, 
alkylamino, dialkylamino, hydroxy, halo, mercapto, 
nitro, carboxaldehyde, carboxy, carboalkoxy and car 
boxamide. In addition, substituted aryl groups include 
tetrafluorophenyl and penta?uorophenyl. 
The term “arylalkyl” as used herein refers to an aryl 

group appended to a loweralkyl radical, for example, 
benzyl and the like. 
The term “cycloalky ” as used herein refers to an 

aliphatic ring having 3 to 7 carbon atoms including, but 
not limited to, cyclopropyl, cyclopentyl, cyclohexyl 
and the like. Cycloalkyl groups can be unsubstituted or 
substituted with one, two or three substituents indepen 
dently selected from loweralkyl, haloalkyl, alkoxy, thi 
oalkoxy, amino, alkylamino, dialkylamino, hydroxy, 
halo, mercapto, nitro, carboxaldehyde, carboxy, alk 
oxycarbonyl and carboxamide. 
The term “cycloalkylalkyl” as used herein refers to a 

cycloalkyl group appended to a loweralkyl radical, 
including but not limited to cyclohexylmethyl. 
The term “carboxyalkyl” as used herein refers to a 

loweralkyl radical to which is appended a carboxyl 
(—COOH) group. 
The term “alkoxycarbonylalkyl” as used herein refers 

to a loweralkyl radical to which is appended an alkoxy 
carbonyl group (i.e., —C(O)OR30 wherein R30is lower 
alkyl). 
The term “arylalkoxycarbonylalkyl” as used herein 

refers to a loweralkyl radical to which is appended an 
arylalkoxycarbonyl group (i.e., —C(O)OR50 wherein 
R50 is an arylalkyl group). 
The term “aminocarbonylalkyl” as used herein refers 

to a loweralkyl radical to which is appended —C 
(O)NH2. 
The term “cyanoalky ” as used herein refers to a 

loweralkyl radical to which is appended a cyano group 
—CN) . 
( The term “alkylamino” as used herein refers to 
R51NH— wherein R51 is a loweralkyl group. 
The term “dialkylamino” as used herein refers to 

R5ZR53N— wherein R5; and R53 are independently 
selected from loweralkyl. 
The term “aminoalkyl” as used herein refers to a 

loweralkyl radical to which is appended an amino 
group (-—NH2) 
The term “alkylaminoalkyl” as used herein refers to a 

loweralkyl radical to which is appended an alkylamino 
group. 
The term “dialkylaminoalkyl” as used herein refers to 

a loweralkyl radical to which is appended a dialkyl 
amino group. 
The term “(aminoalkyl)(alkyl)aminocarbonyl” as 

used herein refers to R54R55NC(0)— wherein R54 is an 
aminoalkyl group and R55 is a loweralkyl group. 
The term "(aminoalkyl)(alkyl)aminosulfonyl” as used 

herein refers to R54R55NS(O)1-— wherein R54 is an 
aminoalkyl group and R55 is a loweralkyl group. 
The term "(alkylaminoalkyl)(alkyl)aminocarbony ” 

as used herein refers to R55R57NC(O)— wherein R56 is 
an alkylaminoalkyl group and R57 is a loweralkyl group. 
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6 
The term "(alkylaminoalkyl)(alkyl)aminosulfonyl” as 

used herein refers to R56R57NS(O)2—- wherein R56 is an 
alkylaminoalkyl group and R57 is a loweralkyl group. 
The term “(dialkylaminoalkyl)(alkyl)aminocarbonyl” 

as used herein refers to R53R59NC(O)— wherein R53 is 
a dialkylaminoalkyl group and R59 is a loweralkyl 
group. 
The term “(dialkylaminoalkyl)(alkyl)aminosulfonyl" 

as used herein refers to R53R59NS(O)2— wherein R58 is 
a dialkylaminoalkyl group and R59 is a loweralkyl 
group. 
The term "(heterocyclicalkyl)(alkyl)aminocarbony ” 

as used herein refers to R60R61NC(O)— wherein R60 is 
a heterocyclicalkyl group and R61 is a loweralkyl 
group. 
The term “(heterocyclicalkyl)(alkyl)aminosulfony ” 

as used herein refers to R60R51NS(O)2— wherein R50 is 
a heterocyclicalkyl group and R61 is a loweralkyl 
group. 
The term “heterocyclic ring” or “heterocyclic” as 

used herein refers to any 3- or 4-membered ring con 
taining a heteroatom selected from oxygen, nitrogen 
and sulfur; or a 5— or 6-membered ring containing one, 
two or three nitrogen atoms; one nitrogen and one sul 
fur atom; or one nitrogen and one oxygen atom. The 
5-membered ring has 0-2 double bonds and the 6-mem 
bered ring has 0-3 double bonds. The nitrogen heteroat 
oms can be optionally quaternized. The term “heterocy 
clic” also includes bicyclic groups in which any of the 
above heterocyclic rings is fused to a benzene ring or a 
cyclohexane ring or another heterocyclic ring (for ex 
ample, indolyl, quinolyl, isoquinolyl, tetrahydroquino 
lyl, benzofuryl or benzothienyl and the like). Heterocy 
clics include: azetidinyl, pyrrolyl, pyrrolinyl, pyrrolidi 
nyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, 
imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, 
pyrazinyl, piperazinyl, pyrimidinyl, pyn'dazinyl, oxazo 
lyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholi 
nyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidi 
nyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, 
benzothiazolyl, benzoxazolyl, furyl, thienyl and benzo 
thienyl. 

Heterocyclics can be unsubstituted or monosubstitu 
ted or disubstituted with substituents independently 
selected from hydroxy, halo, 0x0 (:0), alkylimino 
(R*N= wherein R* is a loweralkyl group), amino, 
alkylamino, dialkylamino, alkoxy, polyalkoxy, haloal 
kyl, cycloalkyl, aryl, arylalkyl, —COOH, —SO3H and 
loweralkyl. In addition, nitrogen containing heterocy 
cles can be N-protected. 
The term “heterocyclicalkyl” as used herein refers to 

heterocyclic group appended to a loweralkyl radical. 
Representative compounds of the invention include: 

N-{(S)~2-[(tert-Butyloxycarbonyl)amino]-3,3-dimethyl 
butanoyl}-Isoleucyl-Statyl Ethyl ester; N-{(S)-2-[(tert 
Butyloxycarbonyl)amino]-3,3-dimethylbutanoyl} 
Isoleucyl-Statyl-OH; N-{(S)-2-[(tert-Butyloxycarbonyl 
)amino]-2-cyclohexylacetyl}-Isoleucyl-Statyl Ethyl es 
ter; N-{(S)-2-[(tert-Butyloxycarbonyl)amino]-2 
cyclohexylacetyl}-Isoleucyl-Statyl-OH; N-Boc-Isoleu 
cyl-Isoleucyl-Statyl Carboxamide; N-Boc-Isoleucyl 
Isoleucyl-Statyl (4-Hydroxybutyl)carboxamide; N-Boc 
Isoleucyl-Isoleucyl-Statyl (S-HydroxyamyDcarboxa 
mide; N-Boc-Isoleucyl~lsoleucyl-Statyl (6-Hydrox 
yhexyl)carboxamide; [l-[(N-Cbz-Isoleucyl-Isoleucyl 
)Amino]-3-methybutyl(methoxy)phosphinyl]acetic acid 
tert-Butyl ester; N-Boc-lsoleucyl-Isoleucyl-Statyl-OH; 
N-Succinyl-Isoleucyl-Isoleucyl-Statyl-Valyl-OH; N 
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Boc-Cyclohexylalanyl-Isoleucyl-Statyl Ethyl ester; N 
Boc-Isoleucyl-Isoleucyl-Statyl-B-Alanyl Ethyl ester; 
N-Boc-Isoleucyl-Isoleucyl-Statyl Isobutylcarboxamide; 
N-Boc-Cyclohexylalanyl-Isoleucyl-Statyl-OH; N-Boc 
Isoleucyl-Isoleucyl-Statyl-B-Alanyl-OH; N-Boc-Isoleu 
cyl-Isoleucyl-Tryptophanyl Carboxaldehyde; (4S)-4 
(N-Boc-Isoleucyl-Isoleucyl-Amino)-5-(3-indolyl)-3 
hydroxypentanoic acid; (4S)-4-(N-Succinyl-Isoleucyl 
Isoleucyl-Amino)-5-(3-indolyl)-3-hydroxypentanoic 
acid Ethyl ester; N-[(4S)-4~(N-Boc-Isoleucyl-Isoleucyl 
Amino)-5-(3-indolyl)-3-hydroxypentanoyl]-Valyl-OH; 
N-[(4S)-4-(N-Boc-Aspartyl-Isoleucyl-Isoleucyl 
Amino)-5-(3-indolyl) -3-hydroxypentanoyl]-Valyl-OH; 
(4S)-4-(N-Boc-Cyclohexylalanyl-Isoleucyl-Amino)-5 
(3-indolyl) -3-hydroxypentanoic acid; N-[(4S)-4-(N 
Boc-Cyclohexylalanyl-Isoleucyl-Amino)-5-(3-indolyl) 
-3-hydroxypentanoyl]-Valyl-OH; (2S,3R,4S)-2-(N-Boc 
Isoleucyl-Isoleucyl-Amino)-l-cyclohexyl -3,4-dihy 
droxy-6-methylheptane; (2S,3R,4S)-2-(N-Succinyl 
Isoleucyl-Iso1eucyl-Amino)-l-cyclohexyl -3,4-dihy 
droxy-émethylheptane; (2S,3R,4S)-2-(N-Boc-Aspartyl 
(B-O-Benzyl)-Isoleucyl-Isoleucyl-Amino) -l-cyclohex 
yl-3,4-dihydroxy-6-methylheptane; (2S,3R,4S)-2-(N 
Acetyl-Isoleucyl-Isoleucyl-Amino)-l-cyclohexyl -3,4 
-dihydroxy-6-methylheptane; (2S,3R,4S)-2-(N-Boc 
Cyclohexylalanyl-Isoleucyl-Amino)-l-cyclohexyl -3,4 
dihydroxy-6-methylheptane; (2S,3R,4S)-2-(N-Boc 
Isoleucyl-Isoleucyl-Amino)-l-(2-naphthyl) -3,4-dihy 
droxy-6-methylheptane; (2S,3R,4S)-2-(N-Boc 
Cyclohexylalanyl~lsoleucyl-Amino)-1-(2-naphthyl) 
-3,4-dihydroxy-6-methylheptane; (2S,3R,4S)-2-(N-Boc 
Cyclohexylalanyl-Isoleucyl-Amino)- l-(l -naphthyl) 
-3,4 -dihydroxy-6-methylheptane; N-Boc-Isoleucyl 
Isoleucyl~Statyl Isopropylcarboxamide; [l-[N-Cbz 
Isoleucyl-Isoleucyl-Amino]-3-methylbutyl (hydroxy) 
phosphinyl]acetic acid tert-Butyl ester; N-Boc-Isoleu 
cyl-Isoleucyl-Statyl Isoamylcarboxamide; N-Boc 
Isoleucyl-Isoleucyl-Statyl Cyclohexylmethylcarboxa 
mide; [l-[N-(N-Cbz-[(S)-2-Amino-3,3-dimethyl 
butanoyl])-Isoleucyl-Amino]-3-methylbutyl(hydroxy) 
phosphiny11acetic acid tert-Butyl ester; [l-[N-Cbz 
Isoleucyl-Isoleucyl-Amino]~3-methylbutyl (hydroxy) 
phosphinyl]acetyl Isobutylcarboxamide; (2S,3R,4S)-2 
(N-Boc-Cyclohexylalanyl-Isoleucyl-Amino)-1-(3-indo 
lyl) -3,4 -dihydroxy-6-methylhepta.ne; N-Boc 
Cyclohexylalanyl-Isoleucyl-Statyl Isobutylcarboxa 
mide; N-Boc-Cyclohexylalanyl-Isoleucyl-Statyl N-(2 
(2-Pyridy1)ethyl)Carboxamide; N-Boc-Cyclohexylala 
nyl~Isoleucyl-Statyl N-(2-N',N’-Dimethylaminoethyl) 
Carboxamide; N-Boc-Cyclohexylalanyl-Isoleucyl-Sta 
tyl N-(2-(Morpholin-4-yl)ethyl)Carboxamide; 
(2S,3R,4S)-2-{[N-(4-Methylpiperazin-l-yl-carbonyD 
Cyclohexylalanyl-Isoleucyl]amino}-1-(2-naphthyl)-3,4 
dihydroxy-6-methylheptane Hydrochloride; N-Boc 
tert-Butylalanyl-Isoleucyl-Statyl-OEt; N-Boc-tert 
Butylalanyl-Isoleucyl-Statyl-OH; (2S,3R,4S)-2-{[N 
Boc-AspartyKB-O-Benzyl)-Isoleucyl-Isoleucyl 
]a.mino}-l-(2-naphthy1)-3,4-dihydroxy-6methylheptane; 
N-Boc-Isoleucyl-Isoleucyl-Statyl N-(2-(2-Pyridyl)e 
thyl)Carboxamide; (2S,3R,4S)-2-{[N-Succinyl 
Cyclohexylalanyl-Isoleucyl]amino}-1-(2 -naphthyl)-3,4 
-dihydroxy-6methylheptane; (2S,3R,4S)-2-{[N-Boc 
Cyclohexylalanyl-Isoleucyl]amino}-l-(4-tert-butylphe 
nyl) -3,4 -dihydroxy-6-methy1heptane; (2S,3R,4S)-2 
{[N-Acetyl-Cyclohexylalanyl-Isoleucyl]amino}-l-(4 
-tert-butylphenyl)~3,4-dihydroxy-6-methylheptane; 
(2S,3R,4S)-2-{[N-Acetyl-Cyclohexylalanyl-Isoleucyl 
]amino}-l -(2 -naphthyl)-3,4 -dihydroxy-6-methylhep 
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8 
tane; N-Boc-Isoleucyl-Isoleucyl-Statyl Nt-Methyl-N 
IsobutylCarboxamide; (2S,3R,4S)-2-{[Nl(l\/Iorpholin 
l-yl-carbonyl)-Cyclohexylalanyl-Isoleucyl]amino}-l 
(2-naphthyl)-3,4-dihydroxy-6 -methylheptane; 
(2S,3R,4S)-2-{[{N-(N,N-Dimethylaminoethyl)-N 
methylamino}carbonyl-Cyclohexylalanyl-Isoleucyl 
]amino}-l-(2-naphthyl) -3,4-dihydroxy-6-methylhep 
tane; and (2S,3R,4S)-2-{[N-(4-Methylpiperazin-l-yl-sul 
fonyl)-Cyclohexylalanyl-Isoleucyl]amino}-l-(2-naph 
thyl)-3,4-dihydroxy-6-methylheptane. 
The compounds of the invention can be prepared as 

shown in Schemes I-VII. Throughout the schemes, 
substituents A, B, C, D, E, X, R, R1, R2, etc., are as 
de?ned herein-above. 
The general synthetic approach is depicted in 

Scheme I. The free amine or hydrochloride salt (which 
has been converted to its free base in situ) of the C-ter 
minal residue 1 is coupled with the appropriately N 
protected amino acid 2 through its carboxylic acid moi 
ety using standard peptide coupling methods. The N 
protecting group on the coupled product 3 is removed, 
and the residue is converted to its free base either in a 
separate step or in situ. The deprotected residue is then 
coupled to the carboxylic acid of an appropriately N 
protected amino acid 4 using standard peptide coupling 
methods. Finally, peptide 5 can converted to I (A is 
hydrogen, R1NHCH(R2)C(O)-— or HO2C(CH2),,_ 
C(O)—) by removal of the protecting group, optionally 
followed by coupling of the R1NHCH(R2)C(O)—- or 
HO2C(CH2),,C(O)— group. 

Alternatively, the process can begin at the the N-ter 
minal end of the molecule. Thus, the carboxylic acid 
moiety of N-protected amino acid 6 (wherein A is an 
N-protecting group or R1NHCH(R2)C(O)—) is cou 
pled with 2 to provide peptide 7 (R40 is loweralkyl or 
benzyl). The ester 7 is converted to the carboxylic acid 
by hydrolysis or catalytic hydrogenation. The carbox 
ylic acid derived from 7 is then coupled to l to provide 
1. In this alternative method when A is HOZC 
(CH2),,C(O)—, this substitutent (i.e., A) is introduced 
during the last step of the sequence. 
The synthesis of statine and statine derivatives 1 is 

illustrated in Scheme II. The appropriate N-protected 
amino acid 8 is converted to its 3,5-dimethylpyrazolide 
using 3,5-dimethypyrazole and l-hydroxybenzotriazole 
and l-(dimethylamino-propyl)-3-ethylcarbodiimide or 
other appropriate coupling conditions and catalysts. 
The resultant pyrazolide 9 is reduced with lithium alu 
minum hydride or other appropriate reducing agent to 
give the amino acid carboxaldehyde 10. The enol ether 
of an alkyl acetate (such as ethyl acetate), prepared 
using lithium hexamethyldisilazide or other appropriate 
base, is reacted with the aldehyde to give the B-hydroxy 
ester 11. Hydroxy ester 11 can be further elaborated to 
provide 1. 
Compounds 1 wherein X is CH; are obtained via the 

acid derived from ester 11. Hydrolysis of ll provides 
the free acid which is converted to the 3,5-dimethyl 
pyrazolide lla as previously described. Reduction 
using lithium aluminum hydride or similar reducing 
agent provides the aldehyde 11b. The aldehyde is re 
ductively aminated with RgNH—E to provide llc, 
which can be further elaborated to provide 1. 
The synthesis of the phosphorus derivatives of statine 

or statine derivatives 14 is shown in Scheme III. Deriv 
atives of [(benzyloxycarbonyDamino-l-substituted(me 
thoxy)-phosphinyl]acetic acid ester 12 (P4 is loweralkyl, 
R41 is loweralkyl) can be prepared as described in the 
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literature: Bartlett, P. A.; Kezer, W. B.; J. Am. Chem. 
Soc. , 106, 4282 (1984). N-deprotection and dealkylation 
of the phosphinic acid (for example, usingpotassium 
cyanide and 1,4,7,10,13,l6-hexaoxacyclooctadecane in 
dimethyl sulfoxide) provides 13. Compound 12 can also 
be elaborated to derivative 14, which can then be elabo 
rated to the compounds of the invention II using the 
general methods outlined in Scheme I. 
Scheme IV illustrates the synthesis of 2-amino-1-sub 

stituted-3,4-dihydroxy-alkanes 19 and is based on a liter 
ature procedure (Luly, J. R.; Hsiao, C. N.; BaMaung, 
N.; Plattner, J. J.; J. Org. Chem. 53, 6109 (1988)). The 
amino acid 8 is N-protected using di-tert-butyldicarbon 
ate or some other N-protecting group to give 15. The 
carboxylic acid 15 is reduced using boranetetrahydrofu 
ran complex or other appropriate reducing agent to 
give the alcohol 16. Using appropriate oxidizing condi 
tions such as oxalyl chloride/dimethyl sulfoxide/ 
methylene chloride, followed by triethylamine, the 
intermediate aldehyde is obtained. Trimethylsilyl cya 
nide and zinc iodide treatment yields the trimethylsilyl 
cyanohydrin, which upon reaction with a Grignard 
reagent R21MgC1 (such as isobutylmagnesium chloride) 
affords the hydroxy ketone _17. Reduction using sodium 
borohydride or other appropriate reducing agent pro— 
vides the diol 18. Removal of the N-protecting group 
provides the amino-diol 1, which can be elaborated to 
the compounds of the invention III using the general 
methods outlined in Scheme I. 
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Scheme V illustrates an alternative synthesis of 18. 

Reduction of ester 25 (R* is loweralkyl and the like), for 
example, with sodium borohydride, provides 16. Oxida 
tion (for example, Swern oxidation), followed by reac 
tion with the appropriate Wittig reagent (for example, 
Ph3P+CH1R21 Br-/KOtBu in dimethyformamide or 
Ph3P+CHzRz1 Br—/potassium hexamethydisilazide in 
tetrahydrofuran) provides ole?n 26. Oxidation (for ex 
ample, OsO4/N-methylmorpholine N-oxide), followed 
by puri?cation (for example, recrystallization), gives 18. 
Scheme VI illustrates an alternative preparation of 19 

wherein R21 is isobutyl. D-Isoascorbic acid 27 can be 
converted to the known lactol 29 (J .Am. Chem. Soc. 
105 3661 (1983)). Reaction with Ph3P=CH(CH3)2 pro 
vides 30. Oxidation to aldehyde 31, followed sequen 
tially by reaction with benzylamine and a Grignard 
reagent (i.e., RCHgMgBr/CeClg) gives amine 32. De 
protection of the amino group, reduction of the ole?n 
and removal of the acetonide protecting group provides 
19 wherein R21 is isobutyl. 
An alternative preparation of the reduced form of 

compound 31 (i.e., 33) is shown in Scheme VII. Epox 
yalcohol 34 (J.Am. Chem. Soc. 109 1525 (1987)) is pro 
tected and then reacted with isopropyl Grignard to give 
35. Reaction with camphorsulfonic acid (CSA), fol 
lowed by ozonolysis, gives the aldehyde 33. Compound 
33 can be converted to 19 by adapting the procedure 
outlined in Scheme VI. 

SchemeI 

OH ?t R6 OH 
HClHN E P-NH J\/ 2 X\D/ + $011 % P-NH “ HN x\D/E 

R6 0 
R 2 R 

1 P = N-protecting group 3 

i? 
P-NH \I/\QH 

R3 ' 

4 

(“3 OH ? R6 OH 

A—NHw/\HN " HN X\D/E e runw?nN/kn/mq X\D/E 
R3 R3 0 

R R 

OH 
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-continued 
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Scheme VI 
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Compounds useful as intermediates for the prepara 
tion of compounds of the formula (I) include com 
pounds of the formula: 

P1—NH COZH 

Fi wherein P1 is hydrogen or an N-protecting group; P2 
is hydrogen or an O-protecting group; and R is loweral 
kyl, cycloalkyl, cycloalkylalkyl, aryl or bicyclic hetero 
cyclic; or an ester, acid halide or activated ester deriva 
tive thereof. 4 

Compounds useful as intermediates for the prepara 
tion of compounds of the formula (II) include com 
pounds of the formula: 

wherein P1 is hydrogen or an N-protecting group; P4 is 
hydrogen, loweralkyl or benzyl; and R is loweralkyl, 
cycloalkyl, cycloalkylalkyl, aryl or bicyclic heterocy 
clic; or an ester, acid halide or activated ester derivative 
thereof. 
Compounds useful as intermediates for the prepara 

tion of compounds of the formula (III) include com 
pounds of the formula: 

35 

45 

50 

55 

65 

Pr-NH R21 

wherein P1 is hydrogen or an N-protecting group; R is 
loweralkyl, cycloalkyl, cycloalkylalkyl, aryl or bicyclic 
heterocyclic; P2 and P3 are independently selected from 
hydrogen and an O-protecting group; and R21 is lower 
alkyl, cycloalkyl or cycloalkylalkyl; or a salt thereof. 
The following examples will serve to further illus 

trate the preparation of the compounds of the invention. 

EXAMPLE 1 

N-{(S)-2-[(tert-Butyloxycarbonyl]amino]-3,3-dimethyl 
butanoyl}-Isoleucyl-Statyl Ethyl ester 

EXAMPLE 1A 

Boc-Leucyl-[3,S-dimethylpyrazolidel 
To Boc-Leu-OH monohydrate (25 g, 0.10 mol) , 3,5 

dimethyl pyrazole (DMP) (11.6 g, 0.12 mol) , and l 
hydroxybenzotriazole hydrate (HOBT) (16.2 g, 0.12 
mol) combined in methylene chloride (CHZCIZ) (550 
mL) and cooled to 2° C. was added l-(3-dimethylamino 
propyl)-3-ethylcarbodiimide hydrochloride (EDCI) 
(21.4 g, 0.11 mol). The reaction mixture was allowed to 
warm to room temperature, stirred overnight, and con 
centrated under reduced pressure. The residue was 
diluted with ethyl acetate (EtOAc) and washed with 1N 
H3P04. The aqueous washes were back extracted with 
EtOAc and the combined EtOAc extracts were washed 
with 1N H3PO4 (2X), saturated NaHCO3 (3 X) , and 
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brine, dried (Na2SO4) , and concentrated in vacuo to 
afford the title compound as a white solid. The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. 
MS (DCI/NH3) m/e 310 (M+I-l')+. 

EXAMPLE 1B 

Boc-Leucinal 

To the product of Example 1a (25 g, 81 mmol) dis 
solved in anhydrous tetrahydrofuran (T HF) (350 mL) 
and cooled to —78° C. was added lithium aluminum 
hydride (LAH) (5 g, 132 mmol) in 5 portions over 70 
minutes . Following the addition, the reaction mixture 
was maintained at —78° C. for an additional 60 minutes 
and then carefully poured with vigorous stirring into 
10% citric acid ( 1200 mL). This mixture was extracted 
with diethyl ether (Et20) (3x500 mL) and the com 
bined organic extracts were washed with brine, dried 
(MgSO4), and concentrated in vacuo to give a tacky 
residue. The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. MS 
(DCI/NH3) m/e 216 (M+H)+. 

EXAMPLE 1C 

Boo-Statyl Ethyl ester 
Ethyl acetate, which had been dried by re?uxing 

overnight over CaHg and distilled, (14 mL, 0.143 mol) 
was added to freshly distilled THF (450 mL) and cooled 
to —78° C. A 1M solution of lithium hexamethyldisila 
zide (LHMDS) (120 mL) was added over 30 minutes 
under a N2 atmosphere. After one hour at —78° C., the 
product of Example lb (8.5 g, 0.039 mol) in freshly 
distilled THF (50 mL) was added, and the reaction 
mixture was stirred at —78° C. for 70 minutes and then 
quenched by addition to 1N H01 (700 mL). This mix 
ture was extracted with EtgO (2x400 mL) and the 
organic extracts washed with saturated NaHCOg solu 
tion (2X), brine, dried (MgSO4), and concentrated in 
vacuo to afford 11.6 g of an orange oil. Flash chroma 
tography on silica gel (350 g) eluting with 15% EtOAc 
in hexanes afforded 4.9 g of the title compound. 
MS (DCI/NH3) m/e 304 (M+H)+. The 300 MHz 

1H NMR spectrum was found to be consistent with the 
proposed structure. 

EXAMPLE 1D 

Statyl Ethyl ester HCl salt 

The product of Example lc (203 mg, 0.67 mmol) 
dissolved in 4N HCl in dioxane (3 mL) was stirred at 
room temperature for 1 hour and then concentrated in 
vacuo to give the title product as an oil. MS 
(DCI/NH3) m/e 204 (M+H)+of the free base. The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. 

EXAMPLE 1E 

N-Boc-Isoleucyl-Statyl Ethyl ester 

To the product of Example 1d (152 mg, 0.63 mmol) 
dissolved in CHgClz (3 mL) was added N-methylmor 
pholine (NMM) (0.07 g, 0.70 mmol) and the reaction 
mixture cooled to 0° C. Boc-Ile-OH hemihydrate (152 
mg, 0.63 mmol) was added followed by l-hydroxyben 
zotriazole (HOBT) and EDCI (134 mg, 0.70 mmol). 
The reaction mixture was stirred at 0° C. and allowed to 
warm to room temperature overnight. The reaction 
mixture was diluted with EtOAc, washed with 1N 
H3PO4 (3X), Saturated NaHCOg (3 X), and brine, dried 
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(Na2SO4), and concentrated in vacuo to give a solid. 
Recrystallization from hexane afforded the title com 
pound as a white crystalline solid in 73% yield. The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. MS (DCI/NH3) m/e 417 
(M+H)+, 434 (M+H+NH3)+. 

EXAMPLE 1F 

Isoleucyl-Statyl Ethyl ester HCl salt 

The product of Example 1e (200 mg, 0.48 mmol) was 
deprotected as described in Example 1d to afford an oil 
which was dissolved in H20 (15 mL) and lyophilized to 
give the title compound as a white amorphous solid (169 
mg, 100%). 
The 300 MHz 1H NMR spectrum was found to be 

consistent with the proposed structure. 
MS (FAB+) m/e 304 (M+H)+. 

EXAMPLE 1G 

(S)-2 
-[(tert-Butyloxycarbonyl)amino]-3,3-dimethylbutanoic 

acid 

To L-t-Butylglycine (1.00 g, 7.6 mmol) dissolved in 
IN NaOH (9.5 mL) and THF (8 mL) was added di-t 
butyldicarbonate (1.67 g, 7.6 mmol) in THF (1.5 mL). 
The reaction mixture was stirred overnight at room 
temperature and extracted with hexanes (3 X). The 
combined organic extracts were washed with saturated 
NaHCO3 (2X). The combined aqueous layers were 
adjusted to pH 2 with 1.1N NaHSO4 and back-extracted 
with EtgO (3X). The combined organic extracts were 
washed with brine, dried (Na2SO4), and concentrated in 
vacuo to give the title compound as an oil (1.70 g) 
which solidi?ed on standing. 

The 300 MHz lH NMR spectrum was found to be 
consistent with the proposed structure. 

EXAMPLE 1H 

N-{(S) 
-2-[(tert-Butyloxycarbonyl)amino]-3,3-dimethyl 

butanoyl}-Isoleucyl-Statyl Ethyl ester 
The product of Example if (95 mg, 0.27 mmol) was 

partitioned between EtOAc (20 mL) and saturated 
NaI-ICO3 solution (30 mL). The aqueous phase was 
extracted with additional EtOAc (2X 10 mL) and the 
combined organic extracts were washed with brine, 
dried (Na2SO4), and concentrated in vacuo to afford the 
free base (80 mg, 94%) as a white powder. 
To the free base dissolved in CHZCIZ (8 mL) and 

cooled to 0° C. was added Example 1g (58 mg, 0.25 
mmol) followed by HOBT (41 mg, 0.3 mmol) and 
EDCI (53 mg, 0.28 mmol). The reaction mixture was 
allowed to warm to room temperature overnight. 
EtOAc was added and the mixture washed with 1N 
H3PO4 (3 X), saturated NaHCO3 (3X), and brine (2x), 
dried (NazSO4), and concentrated in vacuo to give a 
glassy residue which was crystallized from hot hexane 
to afford the title compound (120 mg, 91%) as an off 
white solid. 1H NMR (CDC13, 300 MHz) 6 0.8-1.0 (m, 
12H), 1.00 (s, 9H), 1.05-1.95 (m, 9H), 1.44 (s, 9H), 2.48 
(d, 2H), 3.4 (bd, 1H), 3.75-4.3 (m, 6H), 5.18 (m, 1H), 
6.25 (m, 2H). Anal calcd for C27H51N3O7: C, 61.22; H, 
9.70; N, 7.93; 
Found: C 60.94, H 9.78, N 8.14. 
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MS(FAB+) m/e 530 (M+H)+. 
EXAMPLE 2 

N-{(S)-2-[(tert-Butyloxycarbonyl)amino]3,3-dimethyl 
butanoyl}-Isoleucyl-Statyl-OH 

The product of Example 1h (46 mg, 0.087 mmol) in 
MeOH (2.5 mL) was treated with 2N NaOH (0.1 mL) 
and stirred at room temperature for 3.5 hours. An addi 
tional aliquot of 2N NaOH (0.1 mL) was added and 
stirring continued for an additional 2.5 hours. The reac 
tion mixture was concentrated in vacuo, dissolved in 
H20, and acidi?ed to pH 1 with 1M H3PO4. The prod 
uct was extracted with EtOAc, washed with H20 (2 X), 
brine, dried (Na2SO4), and concentrated in vacuo to 
afford a white solid (44 mg). 1H NMR (CDC13, 300 
MHz) 8 0.83-1.03 (m, 12H), 1.00 (s, 9H), 1.03-1.66 (m, 
5H), 1.44 (s, 9H), 1.95 (bs, 1H), 2.56 (bt, 2H), 3.7-4.3 (m, 
4H), 5.16 (m, 1H), 6.75 (m, 2H). 
Anal calcd for C25H47N3O7 0.5 H20: C, 58.80; H, 

9.47; N, 8.23; Found: C, 58.63; H, 9.32; N. 8.20. 
MS (FAB+) m/e 502 (M+H)+, 519 

(M+H+NH3)+. 
EXAMPLE 3 

N-{(S)-2-[(tert-Butyloxycarbonyl) 
amino]-2-cyclohexylacetyl}-Isoleucyl-Statyl Ethyl 

ester 

EXAMPLE 3A 

(S)-2-Amin -2-cyclohexylacetic acid 
L-Phenylglycine (8.04 g, 53 mmol) was reduced by 

catalytic hydrogenation using PtOz in 80% acetic acid 
(HOAc) (200 mL). The catalyst was removed by ?ltra 
tion and the HOAc removed under reduced pressure to 
afford the title compound as a white solid (7.8 g, 94%). 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. 
MS (FAB) m/e 158 (M+H)+. 

EXAMPLE SE 

(S )-2 -[(tert-Butyloxycarbonyl)amino]-2 
-cyclohexylacetic acid 

To the product of Example 3a (974 mg, 6.2 mmol) 
dissolved in IN NaOH (8 mL) was added THF (7 mL) 
followed by di-t-butyl-dicarbonate (1.34 g, 6.2 mmol) in 
THF (2 mL). The reaction was stirred overnight at 
room temperature and then 2N NaOH (2 mL) was 
added. The reaction mixture was extracted with hex 
anes (3X) and the combined organic extracts were 
washed with saturated NaHCO3 solution (2X). The 
combined aqueous layers were acidi?ed to pH 2 with 
1.1M NaHSO4 and extracted with EtzO (2X). The 
ether extracts were dried (Na2SO4) and concentrated in 
vacuo to give the title compound (1.37 g, 86%). The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. 

EXAMPLE 3C 

N-{(S)-2-[{tert-Butyloxycarbonyl)amino]-2-Cyclohex 
ylacetyl}-Isoleucyl-Statyl Ethyl ester 

To the product of Example If (47 mg, 0.15 mmol) 
dissolved in CHgClz (5 mL) and cooled to 0° C. was 
added the product of Example 3b (38 mg, 0.15 mmol) 
followed by HOBT (24 mg, 0.18 mmol) and EDCI (31 
mg, 0.16 mmol). The reaction mixture was allowed to 
warm to room temperature overnight. The reaction 
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mixture was diluted with EtOAc, washed with 1M 
H3PO4 (3 X), saturated NaHCO3 (3 X), and brine, dried 
(Na2SO4), and concentrated in vacuo to give a white 
solid (62 mg), which was recrystallized from EtOAc/ 
hexanes. 1H NMR (CDC13, 300 MHz) 8 0.9 (m, 12H), 
10-215 (m, 20H), 1.45 (s, 9H), 2.5 (bd, 2H), 3.3-3.5 (d 
of d, 1H), 3.8-4.3 (m, 6H), 5.0 (bt, 1H), 6.4 (m, 2H). 
Anal calcd for C29H53N3O7: C, 62.67; H, 9.61; N, 

7.56; 
Found: C, 62.41; H, 9.54; N, 7.51. 
MS (FAB) m/e 556 (M+H) +. 

EXAMPLE 4 

N-{(S)-2-[(tert-Butyloxycarbonyl) 
amino]-2-cyclohexylacetyl}-Isoleucyl-Statyl-OH 
The product of Example 3c was hydrolyzed in anal 

ogy to Example 2 to give a solid which was recrystal 
lized from CHgClz/hexane to give the title compound 
(24 mg, 81%). NMR (CDC13, 300 MHz) 8 0.85-1.00 (m, 
12H), 1.45 (s, 9H), 1.00-2.05 (m, 17H), 2.55 (bt, 2H), 
3.80-4.30 (m, 4H), 5.10 (m, 1H), 67-695 (m, 2H). Anal 
calcd for CZ7H49N3O7 H20: C, 59.43; H, 9.42; N, 7.70; 
Found: C, 59.51; H, 9.13; N, 7.67. 
MS (FAB) m/e 528 (M+H)+. 

EXAMPLE 5 

N-Boc-isoleucyl-Isoleucyl-Statyl Carboxamide 
EXAMPLE 5A 

N-Boc-Isoleucyl-Isoleucyl-Statyl Ethyl ester 
Coupling of the product of Example If (200 mg, 0.63 

mmol) with Boc-Ile-OH hemihydrate (152 mg, 0.63 
mmol) by the method described in Example 1e afforded 
crude material which was recrystallized from EtOAc/ 
hexane to give the title compound as a white crystalline 
solid (280 mg, 84%). The 300 MHz 1H NMR spectrum 
was found to be consistent with the proposed structure. 
MS (FAB) m/e 530 (M+H)+. 

EXAMPLE 5B 

N-Boc-Isoleucyl-Isoleucyl-Statyl-OH 
The product of Example 5a (274 mg, 0.52 mmol) was 

hydrolyzed by the method described in Example 2 to 
give the title compound as a white solid (240 mg, 93%). 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. 
MS (FAB) m/e 502 (M+H)+. 

EXAMPLE 5C 

N-Boc-Isoleucyl-Isoleucyl-Statyl Carboxamide 
To the product of Example 5b (40 mg, 0.08 mmol) 

dissolved in THF (4 mL) and cooled to -5° C. was 
added N-methylmorpholine (NMM) (9 ptL, 84 umol) 
followed by isobutyl chloroformate (IBCF) (1 luL, 84 
umol). The reaction mixture was stirred for 20 minutes 
and concentrated NH4OH (25 p.L, 0.36 mmol) was 
added. After 2.5 hours, the solvent was removed under 
reduced pressure, the residue was dissolved in MeOH 
and diluted with CHC13 and washed with 1M H3PO4 
(2X), saturated NaHCO; (2X), and brine. Drying (N212 
S04) and concentration in vacuo followed by ?ash 
chromatography eluting with 93.5/6.5 CHCl3/EtOH 
afforded the title compound (7 mg, 18%) as a white 
solid. 1H NMR (DMSO-D6, 300 MHz) 6 0.8 (m, 18H), 
1.4 (s, 9H), 1.0-1.8 (m, 9H), 2.0-2.2 (m, 2H), 3.6-3.9 (m, 
3H), 4.35 (d of d, 1H), 6.8-7.7 (m, 4H). Anal calcd for 



5,338,726 
21 

C25H43N4O6: C, 59.97; H, 9.66; N, 11.19; Found: C, 
59.77; H, 9.46; N, 10.77. 
MS (FAB) m/e 501 (M+H)+. 

EXAMPLE 6 

N-Boc-Isoleucyl-Isoleucyl-Statyl 
(4-Hydroxybutyl)carboxamide 

By the method described in Example 5c, the product 
of Example 5b (40 mg, 0.08 mmol) and 4-amino-l 
butanol (7.7 FL, 84 umol) were reacted to give crude 
material (32 mg, 70%). Flash chromatography eluting 
with 93.5/6.5 CHCl3/EtOH afforded the title com 
pound as a white solid (16 mg, 35%). 1H NMR 
(CDC13+CD3OD, 300 MHz) 6 0.85-1.00 (m, 18H), 
1.05-2.00 (m, 13H), 1.45 (s, 9H), 2.30 (m, 2H), 3.60-4.20 
(m, 8H), 5.50 (d of d, 1H), 7.10 (m, 2H). Anal calcd for 
C29H56N407 H2O: C, 58.96; H, 9.90; N, 9.48; Found: C, 
58.67; H, 9.43; N, 9.26. 
MS (FAB) m/e 573 (M+H)+, 595 (M+Na)+. 

EXAMPLE 7 

N-Boc-Isoleucyl-Isoleucyl-Statyl 
(S-HydroxyamyDcarboxamide 

By the method described in Example 5c, the product 
of Example 5b (40 mg, 0.08 mmol) and 5-amino-l-pen 
tanol (8.6 mg, 84 umol) were reacted to give crude 
material (41 mg, 87%). Flash chromatography eluting 
with 9l.5/8.5 CHCl3/EtOH afforded the title com 
pound as a white solid (16 mg, 34%). 1H NMR 
(CDC13+CD3OD, 300 MHz) 8 0.90 (m, 18H), 
1.00-2.00 (m, 15H), 1.45 (s, 9H), 2.30 (m,2H), 3.20 (m, 
2H), 3.60 (t, 2H), 3.85 (m, 3H), 4.15 (d of d, 1H). 
Anal calcd. for C30H53N407: C, 61.40; H, 9.96; N, 

9.55; Found: C, 61.15; H, 9.97; N, 9.38. 
MS (FAB) m/e 587 (M+H)+. 

EXAMPLE 8 

N-Boc-Isoleucyl-Isoleucyl-Statyl 
(6-Hydroxyhexyl)carboxamide 

By the method described in Example 5c, the product 
of Example 5b (40 mg, 0.08 mmol) and 6-amino-1-hex 
anol (9.8 mg, 84 umol) were reacted to give crude prod 
uct (40 mg, 83%). Flash chromatography eluting with 
93.5/ 6.5 CHCl3/EtOH afforded the title compound as a 
white solid (22 mg, 46%). 1H NMR (CDC13+CD3OD, 
300 MHz) 6 0.9 (m, 18H), 1.05-2.00 (m, 17H), 1.45 (s, 
9H), 2.30 (m, 2H), 3.10-4.20 (m, 8H), 5.55 (m, exchange 
able H), 7.05-7.22 (m, exchangeable H). Anal calcd for 
C31H60N4O7: C, 61.97; H, 10.07; N, 9.32; Found: C, 
61.75; H, 9.82; N, 9.14. MS (FAB) m/e 601 (M+H)+, 
623 (M +Na)+. 

EXAMPLE 9 

[l-[(N-Cbz-Isoleucyl-Isoleucyl) 
Amino]-3-methybutyl(methoxy)phosphinyl]acetic acid 

tert-Butyl ester 

EXAMPLE 9A 

[1-Amino-3-methybutyl(methoxy)phosphinyl]acetic 
acid tert-Butyl ester 

[1-(Benzyloxycarbonyl)amino-3-methybutyl(methox 
y)phosphinyl]acetic acid tert-butyl ester, prepared by 
the literature procedure: Bartlett, P. A.; Kezer, W. B.; J. 
Am. Chem. Soc. , 106, 4282 (1984), (357 mg, 0.86 mmol) 
was dissolved in MeOH (11 mL) and hydrogenolyzed 
under H; using 10% Pd/ C (84 mg) for approximately 
one hour. The catalyst was removed by ?ltration and 
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the solvent removed under reduced pressure to give the 
title product as an oil (230 mg, 100%). The 300 MHz 1H 
NMR spectrum was found to be consistent with the 
proposed structure. 
MS (DCI/NH3) m/e 280 (M+H)+. 

EXAMPLE 9B 

[l-[(N-Cbz-Isoleucyl) Amino]-3-methybutyl 
(methoxy)phosphinyl]acetic acid tert-Butyl ester 
By the method described in Example 1e, the product 

of Example 9a (213 mg, 0.76 mmol) and Cbz-Ile-OH 
(203 mg, 0.76 mmol) were coupled. Normal work up 
afforded the title compound as an oil (402 mg, 100%). 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. 
MS ('DCI/NH3) m/e 393 

EXAMPLE 9C 

[1-[(H-Isoleucyl) 
Amino]-3-methybutyl(methoxy)phosphinyl]acetic acid 

tert-Butyl ester 

The product of Example 9b (390 mg, 0.74 mmol) 
dissolved in MeOH (16 mL) was treated with 10% 
Pd/C (105 mg) under H; for 90 minutes. The catalyst 
was removed by ?ltration and the solution concentrated 
in vacuo to a?'ord the title compound as an oil (260 mg, 
90%). The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. 

544 

EXAMPLE 9D 

[1-[(N-Cbz-Isoleucyl-Isoleucyl) 
Amino]-3-methybutyl(methoxy)phosphinyl]acetic acid 

tert-Butyl ester 

By the method described in Example Ie, the product 
of Example 9c (250 mg, 0.64 mmol) and Cbz-Ile-OH 
(170 mg, 0.64 mmol) were coupled. Normal work up 
afforded crude product which was puri?ed by silica gel 
column chromatography eluting with 1% MeOH in 
CHCl3 to afford the title compound (287 mg, 71%). 1H 
NMR (CDC13, 300 MHz) 8 0.9 (m, 18H), 1.00-2.00(m, 
9H), 1.45 (s, 9H), 2.95 (m, 2H), 3.75 (t, 3H), 4.00 (m, 
1H), 4.4 (m, 1H), 4.6 (m, 1H), 5.10 (m, 2H), 5.5 (d of d, 
1H), 6.40 (d of d, 1H), 6.90 (d of d, 1H), 7.35 (m, 5H). 
Anal calcd for C32H54N308P: C, 60.08; H, 8.51; N, 6.57; 
Found: C, 59.90; H, 8.52; N, 6.56. 
MS (FAB) m/e 640 (M+H)+, 662 (M+Na)+. 

EXAMPLE 10 

N-Boc-Isoleucyl-Isoleucyl-Statyl-OH 
EXAMPLE 10A 

N-Boc-Isoleucyl-Isoleucyl Benzyl ester 

To a solution of Boc-Ile-OH . 1/2H2O (3.00 g, 12.5 
mmol) in THF (40 mL) cooled to — 15° C. was added 
N-methylmorpholine (NMM) (1.51 mL, 1.39 g, 13.7 
mmol) and isobutyl chloroformate (IBCF) (1.78 mL, 
1.87 g, 13.7 mmol); the white suspension formed was 
stirred at —15° C. for 5 min and treated with a 0° C. 
solution of the p-toluene sulfonate salt of H-Ile-OBn 
(4.92 g, 12.5 mmol) and NMM (1.51 mL, 1.39 g, 13.7 
mmol) in THF (10 mL)/dimethyl formamide (DMF) (5 
mL). The reaction mixture was stirred at - 15° C. and 
gradually allowed to warm to room temperature. After 
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4 hours, EtOAC was added; the mixture was washed 
with 1M H3PO4 (3X), saturated NaHCO; (2 X), and 
brine, dried (MgSO4), and concentrated in vacuo to 
give the title compound (5.16 g, 95%) as an oil which 
solidi?ed on standing. The 300 MHz 1H NMR spectrum 
was found to be consistent with the proposed structure. 

EXAMPLE 10B 

N-Boc-Isoleucyl-Isoleucyl-OH 
A solution of the product of Example 10a (1.00 g, 2.30 

mmol) in MeOH (25 mL) was treated with 10% Pd/ C 
(0.50 g) and placed under H2. After one hour, the cata 
lyst was removed by ?ltration through Celite and the 
?ltrate concentrated in vacuo. The residue obtained 
was dissolved in EtOAc, washed with 1M HCl and 
brine, dried (MgSO4), and concentrated in vacuo to 
give the title compound (729 mg, 92%) as a colorless 
oil. The 300 MHz 1H NMR spectrum was found to be 
consistent with the proposed structure. 

EXAMPLE 10C 

Statyl Ethyl ester HCl salt 

A solution of the product of Example 10 (425 mg, 1.4 
mmol) in HCl-HOAc (20 mL) was stirred at room tem 
perature for 2 hours. Water was added and the solution 
lyophilized to give the title product as an oil (302 mg, 
90%). 
MS (DCI/NH3) m/e 204 (M+H)+. 

EXAMPLE 10D 

N-Boc-Isoleucyl-Isoleucyl-Statyl Ethyl ester 

The product of Example 100 (150 mg, 0.63 mmol) and 
the product of Example 10b (150 mg, 0.62 mmol) were 
coupled by the method described in Example le to give 
the title compound (130 mg, 40%). The 300 MHz 1H 
NMR spectrum was found to be consistent with the 
proposed structure. 

EXAMPLE 10E 

N-Boc-Isoleucyl-Isoleucyl-Statyl-OH 
To a solution of the product of Example 10d (122 mg, 

0.23 mmol) in MeOH (10 ml) at 0° C. was added a solu 
tion of 1M NaOH (0.5 mL, 0.5 mmol). The reaction 
mixture was stirred at 0° C. for 3 hours and concen 
trated in vacuo to remove the MeOH. EtOAc was 
added followed by washing with 1M H3PO4 and brine, 
drying (MgSO4), and concentrating in vacuo to give a 
solid which was puri?ed by ?ash chromatography on 
silica gel to give Boc-Ile-Ile-Sta-OMe. The 300 MHz 1H 
NMR spectrum was found to be consistent with the 
proposed structure. Anal calcd for C26H49N307: C, 
60.56; H, 9.58; N, 8.15; Found: C, 60.35; H. 9.76; N. 8.14. 

To a solution of this compound (33 mg, 0.064 mmol) 
in MeOH (7 mL) was added 1N NaOH (0.,45 mL, 0.45 
mmol); the reaction mixture was stirred overnight at 
room temperature. The MeOH was removed under 
reduced pressure, EtOAC was added, followed by 1M 
H3PO4 and brine washes, drying (MgSO4), and concen 
trating in vacuo to give a white solid which was puri 

24 
?ed by preparative HPLC using a 1% TFA/HZO and 
CH3CN gradient. The fractions containing the desired 
product were concentrated to remove CH3CN, frozen 
and lyophilized to give the title compound as a white 
solid (7 mg, 22%). 1H NMR (DMSO-d6, 300 MHz) 6 
0.80 (m, 18H), 1.00-1.75 (m, 9H), 1.37 (s, 9H), 2.05-2.40 
(m, 2H), 3.60-3.90 (m, 3H), 4.15 (m, 1H), 4.15 (m, 1H), 
6.77 (d, 1H) 7 65 (m, 2H) Anal calcd for C25H47N307 
0.25 tri?uoroacetate (TFA): C, 57.77; H, 8.98; N, 7.93; 
Found: C, 57.77; H, 8.98; N, 8.05. 
MS (FAB) m/e 502 (M+H)+, 524 (M+Na)+ 

EXAMPLE l1 

N-Succinyl-Isoleucyl-Isoleucyl-Isoleucyl-Statyl-Valyl 
OH 

EXAMPLE 11A 

Isoleucyl-Isoleucyl Benzyl ester HCl salt 

A solution of the product of Example 10a (2.00 g, 4.61 
mmol) in HCl-HOAc (25 mL) was stirred at room tem 
perature for 2 hours. An additional aliquot of HCL 
HOAc (10 mL) was added and stirring continued for an 
additional 4 hours. The reaction mixture was diluted 
with H20 and lyophilized to give the title compound 
(1.67 g, 98%) as a white solid. The 300 MHz 1H NMR 
spectrum was found to be consistent with the proposed 
structure. MS (DCI/NH3) m/e 335 (M+H)+. 

EXAMPLE 11B 

N-(3-(Methoxycarbonyl)propionyl]-Isoleucyl-Iso1eucyl 
Benzyl ester 

A solution of Example the product of 11a (1.00 g, 2.70 
mmol), N-methylmorpholine (NMM) (0.33 mL, 0.30 g, 
3.00 mmol), methyl succinate (380 mg, 2.88 mmol), 
EDCI (570 mg, 2.97 mmol) and HOBT (450 mg, 3.33 
mmol) in CH2Cl2 (50 mL) was stirred at 0° C. allowing 
to warm to room temperature overnight. The CHgClg 
was removed under reduced pressure, EtOAc was 
added followed by 1M H3PO4 (3 X), saturated NaH 
C03 (3 X) and brine washes. Drying (MgSO4) followed 
by concentration in vacuo afforded crude product 
which was puri?ed by ?ash chromatography eluting 
with 3:1 then to 1:1 hexane/EtOAc to give the title 
compound (701 mg, 58%) as a white solid. The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. 

EXAMPLE 11C 

N-(3-(lVIethoxycarbonyl) 
propionyl)-Isoleucyl-Isoleucyl-OH 

The product of Example. 11b (500 mg, 1.12 mmol) 
was debenzylated by the procedure described in Exam 
ple 10b. The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. 

EXAMPLE 11D 

N-Boc-Statyl-OH 
To a solution of the product of Example 10 (257 mg, 

0.85 mmol) in MeOH (7 mL) was added a solution of 
1M NaOH (1.7 mL, 1.7 mmol). The reaction mixture 
was stirred at room temperature for 2 hours and worked 
up by the procedure described in Example 2 to give the 
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title compound (203 mg, 87%) as a white solid. The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. 
MS (DCI/NH3) m/e 

(M+H+NH3)+. 
276 (M+H)+, 293 

EXAMPLE 11E 

N-Boc-Statyl-Valyl Benzyl ester 

The product of Example 11d (150 mg, 0.59 umol) and 
the p-toluene sulfonate salt of H-Val-OBn (212 mg, 0.56 
mmol) were coupled by the method described in Exam 
ple 1e to give the title compound (0.189 g, 75%). The 
300 MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. 

EXAMPLE 11F 

N-(3 -(Methoxycarbonyl) 
propionyl)-Isoleucyl-Isoleucy1-Statyl-Valyl Benzyl 

ester 

The product of Example lle (125 mg, 0.27 mmol) 
was deprotected by the method described in Example 
10c to give H-Sta-Val-OBn HCl (104 mg, 97%) as a 
white solid. The 300 MHz 1H NMR spectrum was 
found to be consistent with the proposed structure. MS 
(DCI/NH3) m/e 365 (M+H)+. 

This dipeptide (83 mg, 0.21 mmol) was coupled with 
the product of Example 110 (84 mg, 0.23 mmol) by the 
method described in Example 1e to give crude material 
which was puri?ed by ?ash chromatography on silica 
gel eluting with 3% MeOH/CHCl3 to give the title 
compound (11 mg, 80%). The 300 MHz 1H NMR spec 
trum was found to be consistent with the proposed 
structure. 

MS (DCI/NH3) m/e 705 (M+H)+. 

EXAMPLE 11G 

N-Succinyl-Isoleucyl-Isoleucyl-Statyl-Valyl-OH 
The product of Example 11f (100 mg, 0.14 mmol) was 

debenzylated by catalytic hydrogenation by the method 
described in Example 10b and puri?ed by preparative 
HPLC to give the carboxylic acid. The 300 MHz 1H 
NMR spectrum was found to be consistent with the 
proposed structure. Anal calcd for C30H54N409-0.7 
TFA: C, 54.30; H, 7.94; N, 8.07; Found: C, 54.44; H, 
8.06; N, 8.32. 
MS (FAB) m/e 615 (M+H)+, 637 (M+Na)+. 
To a solution of the carboxylic acid (69 mg, 0.113 

mmol) in CH3OH (5 mL) at 0° C. was added 1M NaOH 
(0.23 mL, 0.23 mmol). The reaction mixture was stirred 
at 0° C. allowing to warm to room temperature over 
night. An additional aliquot of 1M NaOH (0.1 mL, 0.1 
mmol) was added and the reaction mixture again stirred 
overnight. The CHgOH was removed under reduced 
pressure, H2O was added, and the solution was lyophi 
lized. The material obtained was dissolved in HzO/ace 
tone, ?ltered, and lyophilized to give the title com 
pound (38.7 mg, 57%). 1H NMR (DMSO-d,;, 300 MHz) 
8 0.85 (m, 24H), 1.00-1.75 (m, 13H), 2.00-2.55 (m, 6H), 
3.65-3.90 (m, 2H), 4.15 (m, 3H), 7.5-7.9 (m, 4H). Anal 
calcd for C29H52N4O9 0.4 TFA 1.0 H20: C, 53.87; H, 
8.25; N, 8.43; Found: C, 53.87; H. 7.95; N. 8.62. 
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EXAMPLE l2 

N-Boc-Cyclohexylalanyl-Isoleucyl-Statyl Ethyl ester 
EXAMPLE 12A 

N-Doc-Cyclohexylalanyl-Isoleucyl Benzyl ester 

Boc-Cha-OH (3.5 g, 12.9 mmol) and the p-toluene 
sulfonate salt of H-Ile-OBn (5.08 g, 12.9 mmol) were 
coupled using the method described in Example 10a to 
give crude material which was puri?ed by ?ash chro 
matography on silica gel eluting with 15% EtOAc/hex 
ane to give pure title compound. The 300 MHz 1H 
NMR spectrum was found to be consistent with the 
proposed structure. 

EXAMPLE 12B 

N-Boc-Cyclohexylalanyl-Isoleucyl-Statyl Ethyl ester 

The product of Example 12a (500 mg, 1.055 mmol) 
was debenzylated using the method described in Exam 
ple 10b to give the free carboxylic acid (405 mg, 100%). 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. 

The carboxylic acid (172 mg, 0.45 mmol) and the 
product of Example 100 (107 mg, 0.45 mmol) were 
coupled using the method described in Example 1e 
crude product (232 mg, 91%). Flash chromatography 
on silica gel using 3:1 hexane/EtOAc afforded the title 
compound (146 mg, 57%. 1H NMR (DMSO-d6, 300 
MHz) 8 0.8 (m, 15H), 1.0-1.73 (m, 19H), 1.40 (s, 9H), 
2.15-2.43 (m, 2H), 3.65-4.20 (m, 6H), 4.90 (d of d, 1H), 
6.93 (d of d, 1H), 7.60 (d of t, 2H). Anal calcd for 
C30H55N307: C, 63.27; H, 9.70; N, 7.38; Found: C, 
63.14; H, 9.71; N, 7.34. 
MS (FAB) m/570 (M+H)+. 

EXAMPLE l3 

N-Boc-Isoleucyl-Isoleucyl-Statyl-B-Alanyl Ethyl ester 
EXAMPLE 13A 

N-Boc-Statyl-B-Alanyl Ethyl ester 
The product of Example 11d (292 mg, 1.06 mmol) 

and B-Ala-OEt (196 mg, 1.27 mmol) were coupled by 
the method described in Example 10a to give the title 
compound (355 mg, 89%) as a white solid. 
The 300 MHz 1H NMR spectrum was found to be 

consistent with the proposed structure. 
MS (DCI/NH3 ) m/e 375 (M+H)+. 

EXAMPLE 13B 

N-Boc-Isoleucyl-Isoleucyl-Statyl-B-Alanyl Ethyl ester 
The product of Example 13a (343 mg, 0.92 mmol) 

was deprotected by the method described in Example 
1d to give the HCl salt (279 mg, 98%). The 300 MHz 1H 
NMR spectrum was found to be consistent with the 
proposed structure. MS (DCI/NH3) m/e 274. 
The HCl salt (164 mg, 0.53 mmol) was coupled with 

the product of Example 10b (200 mg, 0.58 mmol) by the 
method described in Example 10a to give crude mate 
rial (284 mg, 82%). Flash chromatography on silica gel 
eluting with 2% CH3OH/CHC13 afforded the title com 
pound (141 mg, 41%) as a white solid. 
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1H NMR (DMSO-d6, 300 MHZ) 8 0. 80 (m, 18H), 1.17 
(t, 3H), 1.37 (s, 9H), 1.00-1.70 (m, 9H), 2.10 (m, 2H), 
2.40 (t, 2H), 3.15-3.35 (m, 2H), 3.65 (m, 1H), 3.80 (bt, 
2H), 4.03 (q, 2H), 4.15 (m, 1H), 4.75 (d of d, 1H), 6.75 (d, 
1H), 7.47-7.82 (m, 3H). Anal calcd for C30H56N4O3: C, 
60.00; H, 9.36; N, 9.33; 
Found: C, 59.98; H, 9.40; N, 9.33. 
MS (FAB) m/e 601 (M+H)+. 

EXAMPLE 14A 

N-Boc-Statyl Isobutylcarboxamide 
The product of Example 11d (260 mg, 0.94 mmol) 

was coupled with isobutylamine (113 uL, 83 mg, 1.14 
mmol) using the method described in Example 10a to 
give the title compound (280 mg, 90%) as a white solid. 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. 
MS (DCI/NH3) m/e 331 (M+H)+. 

EXAMPLE 14B 

N-Boc-Isoleucyl-Isoleucyl-Statyl Isobutylcarboxamide 
The product of Example 14a (233 mg, 0.706 mmol) 

was deprotected by the method described in Example 
ld to give the HCl salt (188 mg, 100%). The 300 MHz 
1H NMR spectrum was found to be consistent with the 
proposed structure. 
MS (DCI/NHs) m/e 231 (M+H)+. 
The HCl salt (90 mg, 0.34 mmol) was coupled with 

the product of Example 10b (128 mg, 0.37 mmol) by the 
method described in Example 10a to give crude mate 
rial (119 mg, 63%). Flash chromatography on silica gel 
eluting with 2% CH3OH in CHC13 gave pure title com 
pound (27 mg, 14%) as a white solid. 1H NMR (DMSO 
d6, 300 MHz) 8 0.80 (m, 24H), 1.35 (s, 9H), 1.00-1.85 (m, 
10H), 2.10 (m, 2H), 2.85 (m, 2H), 3.75 (m, 3H), 4.26 (m, 
1H), 4.77 (m, 1H), 6.75-6.95 (d of d, 1H), 7.40-7.70 (m, 
3H). Anal calcd for C29H56N4O6 0.5 H20: C, 61.56; H, 
10.15; N, 9.90; Found: C, 61.49; H, 10.03; N, 9.86. 
MS (FAB) m/e 557 (M+H)+. - 

EXAMPLE 15 

N-Boc-Cyclohexylalanyl-Isoleucyl-Statyl-OH 
The product of Example 12b (85 mg, 0.15 mmol) was 

hydrolyzed by the method described in Example 2 to 
give the title compound. 
1H NMR (DMSO-d6, 300 MHz) 8 0.80 (m, 12H), 1.35 

(s, 9H), LOO-1.73 (m, 19H), 2.10-2.30 (m, 2H), 3.67 (m, 
1H), 3.83 (m, 1H), 3.95 (m, 1H), 4.13 (m, 1H), 6.92 (m, 
1H), 7.43-7.65 (m, 2H). Anal calcd for C23H51N3O7 0.5 
H20: C, 61.07; H, 9.52; N, 7.63; Found: C, 61.47; H, 
9.49; N, 7.63. 
MS (FAB) m/e 542 (M+H)+, 564 (M+Na)+. 

EXAMPLE 16 

N-Boc-Isoleucyl-Isoleucyl-Statyl-B-Alanyl-OH 
The product of Example 13 (100 mg, 0.17 mmol) was 

hydrolyzed by the method described in Example 2 to 
give the title compound (68.7 mg, 71%) as a white solid. 
1H NMR (DMSO-d5, 300 MHz) 8 0.80 (m, 18H), 
LOO-1.73 (m, 9H), 1.40 (s, 9H), 2.10 (m, 2H), 2.35 (t, 
2H), 3.20 (m, 2H), 3.66 (m, 1H), 3.80 (bt, 2H), 4.15 (m, 
1H), 4.75 (bd, 1H), 6.75 (d, 1H), 7.45-7.80 (m, 3H), 12.15 
(bs, 1H). Anal calcd for C23H52N40g: C, 58.72; H, 9.15; 
N, 9.78; Found: C, 58.47; H, 9.21; N, 9.67. 
MS (FAB) m/e 573 (M+H)+. 
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EXAMPLE 17 

N-Boc-Isoleucyl-Isoleucyl-Tryptophanyl 
Carboxaldehyde 
EXAMPLE 17A 

Tryptophanyl (N-Methoxy-N-methyl)carboxamide 
HCl salt 

To Boc-Trp-OH (5.00 g, 16.4 mmol) dissolved in 
CHzClz (100 mL) containing triethylamine (T EA) (2.75 
mL, 1.2 equiv.) was added benzotriazol-l-yloxy-tris 
(dimethylamino) phosphonium hexa?uorophosphate 
(BOP-reagent) (8.72 g, 1.2 equiv.), N,O-dimethylhy 
droxylamine hydrochloride (1.92 g, 1.2 equiv.), and 
TEA (2.7 5 mL, 1.2 equiv.). After one hour of stirring at 
room temperature, CH2C12 (50 mL) was added and the 
mixture washed with 10% citric acid, saturated NaH 
C03, and brine, dried (Na2SO4), and concentrated in 
vacuo to afford a yellow oil which was crystallized 
from EtOAc/hexane. The Boc-protecting group was 
removed by the method described in Example 1d to 
afford the title compound (5.02 g, 91%). The 300 MHz 
1H NMR spectrum was found to be consistent with the 
proposed structure. 

EXAMPLE 17B 

N-Boc-Isoleucyl-Tryptophanyl 
(N-Methoxy-N-methyl) carboxamide 

The product of Example 17a (2.45 g, 8.6 mmol) and 
Boc-Ile-OH (2.07 g, 8.6 mmol) were coupled using the 
procedure described in Example 10a to give crude ma 
terial which was puri?ed by ?ash chromatography on 
silica gel eluting with l: 1 EtOAc/hexane to afford the 
title compound (3.5 g, 88%). 
The 300 MHz 1H NMR spectrum was found to be 

consistent with the proposed structure. 
MS (FAB) m/e 4 61 (M+H)+. 

EXAMPLE 17C 

N-Boc-Isoleucyl-Isoleucyl-Tryptophanyl 
(N -Methoxy-N-methyl)carboxamide 

The Boo protecting group was removed from the 
product of Example 17b by the method described in 
Example 1d to afford the hydrochloride salt (604 mg, 
1.53 mmol). This compound was coupled with Boo-Ile 
OH hemihydrate (368 mg, 1.0 equiv.) by the method 
described in Example 10a to give crude product. Puri? 
cation by ?ash chromatography on silica gel using 1:1 
EtOAc/hexane afforded the title compound (576 mg, 
66%). The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. Further puri 
?cation was obtained by preparative reverse phase 
HPLC eluting with 0.1% TFA/HzO and CH3CN. Anal 
calcd for C3OH47N5O6 0.25 TFA: C, 60.83; H, 7.91; N, 
11.63; Found: C, 60.86; H, 8.05; N, 11.75. 
MS (FAB) m/e 574 (M+H)+. 

EXAMPLE 17D 

N-Boc-Isoleucyl-Isoleucyl-Tryptophanyl 
Carboxaldehyde 

To the product of Example 170 (100 mg, 0.1745 
mmol) dissolved in THF (8 mL) under N2 and cooled to 
0° C. in an ice bath was added 1M lithium aluminum 
hydride (LAH) in THF (1.40 mL, 8.0 equiv). After 20 
minutes at 0° C., the reaction mixture was poured into 
10% citric acid (10 mL). After stirring at room tempera 
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ture for 30 minutes, 10% citric acid (10 mL) was added 
and the mixture was extracted with EtOAc (3 X15 mL). 
The combined organic extracts were washed with satu 
rated NaHCOg, 10% citric acid, and brine, dried (Na;. 
S04), and concentrated in vacuo to give a semi-solid 
residue. This crude product was ?ash chromatographed 
on silica gel using 1:1 EtOAc/hexane as the eluant to 
give the title compound (16 mg, 18%). 1H NMR 
(CDC13, 300 MHz) 8 0.90 (m, 12H), 1.05-2.00 (m 6H), 
1.45 (s, 9H), 3.30 (bt, 2H), 3.90 (m, 1H), 4.30 (m, 1H), 
4.90 (m, 1H), 6.45 (bd, 1H), 6.60 (bs, 1H), 7.00-7.40 (m, 
5H), 7.60 (bd, 1H), 8.20 (bs, 1H), 9.62 (s, 1H). Anal calcd 
for C2gH42N405: C, 65.35; H, 8.23; N, 10.89; Found: C, 
65.44; H, 8.53; N, 10.45. 
MS (FAB) m/e 515 (M+H)+, 537 (M+Na)+. 

EXAMPLE 18 

(4S)-4-(N-Boc-Isoleucyl-Isoleucyl-Amino)-5-(3 
indolyl)-3-hydroxypentanoic acid 

EXAMPLE 18A 

N-Boc-Tryptophanyl-[3,S-dimethylpyrazolide] 
Boc-Trp-OH (6.00 g, 24.3 mmol) was reacted with 

3,5-dimethylpyrazole (2.33 g, 1 equiv) by the method 
described in Example 1a to give crude material which 
was ?ash chromatographed on silica gel eluting with 
2:1 hexane/EtOAc to give the title compound (6.95 g, 
75%). The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. 

EXAMPLE 18B 

N-Boc-Tryptophanyl Carboxaldehyde 
The product of Example 18a (4.00 g, 10.47 mmol) was 

reduced by the method described in Example lb to give 
crude aldehyde which was puri?ed by by ?ash chroma 
tography on silica gel eluting with 2:1 hexane/EtOAc 
to give the title compound (2.44 g, 81%). 
The 300 MHz 1H NMR spectrum was found to be 

consistent with the proposed structure. 

EXAMPLE 18C 

(4S)-4-N-Boc-Amino-5-(3-indolyl)-3-hydroxypentanoic 
acid Ethyl ester 

Using the procedure described in Example 1c, the 
product of Example 18b (2.44 g, 8.46 mmol) was con 
verted to crude product which was puri?ed by ?ash 
chromatography on silica gel eluting with 2:1 hex 
ane/EtOAc to afford the title compound (1.91 g, 60%). 
The 300 MHz 1H NMR spectrum was found to be 

consistent with the proposed structure. 

EXAMPLE 18D 

(4S)—4-(N-Boc-Isoleucyl-Isoleucyl-Amino)-5-(3 
indolyl)-3-hydroxypentanoic acid Ethyl ester 

The product of Example 18c (1.00 g, 2.66 mmol) was 
deprotected using the procedure described in Example 
1d to give the hydrochloride salt (786 mg, 95%). This 
hydrochloride salt (604 mg, 1.94 mmol) was converted 
to its free base using saturated NaHCOg (50 mL) and 
extracted after 30 minutes using EtOAc. The EtOAc 
was removed under reduced pressure to afford the free 
base as an oil. 
To the product of Example 10b (666 mg, 1 equiv) 

dissolved in CHC13 (8 mL) was added EDCI (445.6 mg, 
1.2 equiv) and HOBT (314 mg, 1.2 equiv). After stirring 
for 30 minutes, the free amine in CHC13 (2 mL)/DMF (3 
mL) was added and the reaction mixture was allowed to 
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stir at room temperature overnight. The reaction mix 
ture was concentrated in vacuo and EtOAc was added. 
Washing with saturated NaHCO3, H2O, 1N H3PO4, and 
brine, drying (Na2SO4), and concentrating under re 
duced pressure afforded the product as an oil which 
was puri?ed by ?ash chromatography on silica gel elut 
ing with 1:1 EtOAc/hexane to give the title product 
(381 mg, 33%). The 300 MHz 1H NMR spectrum was 
found to be consistent with the proposed structure. 
MS (FAB) m/e 603 (M+H)+. 

EXAMPLE 18E 

(4 
S)~4-(N-Boc-Isoleucyl-Iso1eucyl-Amino)-5-(3-indole)-3 

hydroxypentanoic acid 
The product of Example 18d (61 mg, 101.3 mmol) 

was hydrolyzed using the method described in Example 
2 to give crude material which was puri?ed by prepara 
tive HPLC to give the title compound. 1H NMR 
(CDC13+CD3OD, 300 MHz) 8 0.70-1.00 (m, 12H), 
1.00-1.90 (m, 6H), 1.45 (s, 9H), 1.70 (m, 2H), 2.30 (m, 
2H), 2.90-3.15 (m, 2H), 3.97 (m, 3H), 4.32 (bd, 1H), 7.10 
(m, 3H), 7.33 (d, 1H), 7.70 (bt, 1H). Anal calcd for 
C30H46N4O7 0.7 TFA: C, 57.62; H, 7.19; N, 8.56; Found: 
C, 57.49; H, 7.25; N, 8.94. 

575 

EXAMPLE 19 

(4S1-4-(N-Succinyl-Isoleucyl-Isoleucyl-Amino)-5-(3 
indolyl)-3-hydroxypentanoic acid Ethyl ester 

The product of Example 18d (41.1 mg, 68.3 mmol) 
was deprotected using the method described in Exam 
ple 1d to give the hydrochloride salt. To this hydro 
chloride salt dissolved in DMF (1 mL) was added 4 
(dimethylamino)-pyridine (DMAP) (20 mg), triethyl 
amine (TEA) (5 drops), and succinic anhydride (8.2 mg, 
1.2 equiv). The reaction mixture was stirred overnight 
at room temperature and concentrated under reduced 
pressure. The residue was puri?ed by preparative 
HPLC to afford the title compound 1H NMR (CDCI3, 
300 MHz) 8 0.85 (m, 12H), 1.00-2.10 (m, 12H), 1.23 (t, 
3H), 2.40-3.10 (m, 4H), 3.03 (d of d, 1H), 3.70 (m, 1H), 
4.12 (q, 2H), 4.00-4.50 (m, 2H), 6.30-7.30 (m, 5H), 7.33 
(bd, 1H), 7.66 (bd, 1H), 8.10 (bs, 1H). Anal calcd for 
C31H46N403 0.75 TFA: C, 56.72; H, 6.85; N, 8.14; 
Found: C, 57.08; H, 7.01; N,8.18. 
MS (FAB) m/e 603 (M+H)+. 

EXAMPLE 20 

N-[(4S)-4-(N-Boc-Isoleucyl-Isoleucyl-Amino)-5-(3 
indolyl)-3-hydroxypentanoyl] -Valyl-OH 

EXAMPLE 20A 

N-[(4S)-4-(N-Boc-Amino)-5-(3-indolyl)-3-hydroxypen 
tanoyl]Valyl Benzyl ester 

The product of Example 180 (90.2 mg, 0.24 mmol) 
was hydrolyzed by the procedure described in Example 
2 to give crude product which was puri?ed by prepara 
tive HPLC to give the desired carboxylic acid. The 300 
MHz 1H NMR spectrum was found to be consistent 
with the proposed structure. MS (DCI/NH3) m/e 349 
(M+H)+, 366 (M+H+NHs)+ 

This carboxylic acid (83.6 mg, 0.24 mmol) was cou 
pled with the p-toluene sulfonate salt of Val-OBn (91.2 
mg, 1.0 equiv) by the procedure described in Example 
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10a to give crude material which was ?ash chromato 
graphed on silica gel using 1:1 EtOAczhexane as the 
eluant to give the title compound (47.3 mg, 37%). The 
300 MHz 1H NMR spectrum was found to be consistent 5 
with the proposed structure. MS (DCI/NH3) m/e 538 
(M+H)+, 555 (M+H+NHs)+ 

EXAMPLE 20B 

N-[(4S)-4-(N-Boc-Isoleucyl-Amino)-5-(3-indolyl)-3 
hydroxypentanoyH-Valyl Benzyl ester 

The product of Example 20a was deprotected by the 
method described in Example 1d to give the hydrochlo 
ride salt. This salt (205 mg, 0.434 mmol) was coupled 
with Boc-Ile-OH hemihydrate (104 mg, 1.0 equiv) by 
the method described in Example 1e to give a semi-solid 
residue which was puri?ed by ?ash chromatography on 
silica gel eluting with 1:1 EtOAc/hexane to give after 
crystallization from 1:1 EtOAc/hexane the title com 
pound (197 mg, 70%). The 300 MHz 1H NMR spec 
trum was found to be consistent with the proposed 
structure. Anal calcd for C36H50N4O7 0.25 T FA: C, 
64.54; H, 7.46; N, 8.25; Found: C, 64.76; H, 7.11; N, 8.25. 

EXAMPLE 20C 

N-[(4S)-4-(N -Boc-Isoleucyl-Iso1eucyl-Amino)-5-(3 
indolyl)-3-hydroxypentanoyl]-Valyl Benzyl ester 

The product of Example 20b (104 mg, 0.16 mmol) 
was deprotected by the method described in Example 
1d to give the hydrochloride salt. This salt was coupled 
with Boc-Ile-OH hemihydrate (38.4 mg, 1.0 equiv) by 
the method described in Example 1e and puri?ed by the 
method described in Example 20b to give the title com 
pound (58 mg, 47%). The 300 MHz 1H NMR spectrum 
was found to be consistent with the proposed structure, 
Anal calcd for C42H61N5O3 0.8 EtOAC: C, 65.12; H, 
8.14; N, 8.44; Found: C, 65.18; H, 7.87; N 8.86 

EXAMPLE 20D 

N-[(4S)-4-(N-Boc-Isoleucyl-Isoleucyl-Amino)-5-(3 
indolyl)-3-hydroxypentanoyl]-Valyl-OH 

To 10% Pd/C (21 mg) in acetic acid (HOAc) under 
N2 was added ammonium formate (10.8 mg, 3 equiv). 
After 10 minutes, the product of Example 20c (43.4 mg, 
56.9 umol) was added in HOAc (3 mL). The reaction 
mixture was stirred overnight at room temperature. The 
catalyst was removed by ?ltration and the HOAc re 
moved under reduced pressure. The residue was taken 
up in HzO/CH3CN and lyophilized to afford the title 
compound. 1H NMR (DMSO-d@, 300 MHZ) 6 0.80 (m, 
18H), 1.00-1.50 (m, 3H), 1.35 (s, 9H), 1.70 (m, 2H), 2.00 
(m, 2H), 2.30 (m, 1H), 2.70 (m, 1H), 3.00 (m, 1H), 
3.70-4.30 (m, 6H), 6.80-7.90 (m, 6H), 10.70 (m, 1H). 
Anal calcd for C35H55N503 0.5 TFA: C, 58.58; H, 7.55; 
N, 9.44; Found: C, 58.67; H, 7.64; N, 9.34. 
MS (FAB) m/e 674 (M+H)+696 (M+Na)+. 
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EXAMPLE 21 

N-[(4S)-4-(N-Boc-Aspartyl-Isoleucyl-Isoleucyl 
Amino)-5-(3-indolyl)-3-hydroxypentanoyl]-Valyl-OH 

EXAMPLE 21A 

N-[(4S)-4-(N-Boc-Aspartyl(B-O-Benzyl)-Isoleucyl 
Isoleucyl-Amino)-5-(3-indolyl) 

-3-hydroxypentanoyl]-Valyl Benzyl ester 

The product of Example 200 (60.8 mg, 79.7 umol) 
was deprotected using the method described in Exam 
ple 1d to give the hydrochloride salt. This salt was 
coupled with Boc-Asp(/3OBn)-OH (30.9 mg, 1.2 equiv) 
by the method described in Example 1e to give crude 
material which was puri?ed by ?ash chromatography 
on silica gel eluting with 1:1 EtOAc/hexane to give the 
title product (25.1 mg, 33%). 

EXAMPLE 21B 

N-[(4S)-4-(N-Boc-Aspartyl-Isoleucyl-Isoleucyl 
Amino)-5-(3-indolyl)-3-hydroxypentanoyl]-Valyl-OH 
Catalytic transfer hydrogenation of the product of 

Example 21a (25.1 mg, 26 umol) by the method de 
scribed in Example 20d afforded after preparative 
HPLC and lyophilization the title compound. 1H NMR 
(CDCl3+CD3OD, 300 MHz) 8 0.74-1.00 (m, 18H), 
1.45 (s, 9H), 1.85 (m, 1H), 2.00 (m, 1H), 2.10-2.50 (m, 
4H), 2.60-3.20 (m, 10H), 3.95-4.50(m, 10H), 6.90-7.15 
(m, 6H), 7.60 (m, 1H). Anal calcd for C39H60N6O11 1.0 
TFA: C, 54.54; H, 6.81; N, 9.31; Found: C, 54.32; H, 
6.78; N, 9.38. 
MS (FAB) m/e 789 (M+H)+, 811 (M+Na)+, 833 

(M+2Na-H)+. 
EXAMPLE 22 

(4S)-4-(N -Boc-Cyclohexylalanyl-Iso1eucyl-Amino)-5 
(3-indolyl)-3-hydroxypenta.noic acid 

EXAMPLE 22A 

(4S)-4-(N -Boc-Cyclohexyla1anyl-Isoleucyl-Amino)~5-3 
indolyl)-3-hydroxypentanoic acid Ethyl ester 

The product of Example 18c (255 mg, 0.678 mmol) 
was deprotected by the method described in Example 
1d and converted to its free base as described in Exam 
ple 18d. The product of Example 12a was debenzylated 
as described in Example 12b to give the carboxylic acid. 
The free amine was coupled with the carboxylic acid 
(312.4 mg, 1.2 equiv) by the method described in Exam 
ple 1e to give, after flash chromatography on silica gel 
using 1:1 EtOAc/hexane as the eluant, the title com 
pound (337 mg, 90%). The 300 MHz 1H NMR spec 
trum was found to be consistent with the proposed 
structure. 

MS (DCI/NH3) m/e 643 (M+H)+. 

EXAMPLE 22B 

(4 S)~4-(N-Boc-Cyclohexylalanyl-Isoleucyl-Amino) 
5-3-indolyl)-3-hydroxypentanoic acid 

The product of Example 22a (50 mg, 0.078 mmol) 
was hydrolyzed by the method described in Example 2 
to give after preparative HPLC the title compound. 1H 
NMR (CDCI3, 300 MHz) 8 0.70-1.05 (m, 6H), 1.40 (2s, 
9H), 1.05-2.60 (m, 13H), 3.1 (m, 2H), 4.00-4.45 (m, 3H), 
4.90 (m, 1H), 6.60-7.20 (m, 4H), 7.33 (d, 1H), 7.60 (2d, 
211), 8.20 (m, 1H). Anal calcd for C33H50N4O7 0.65 
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TFA: c, 59.80; H, 7.41; N, 8.13; Found: c, 59.82; H, 
7.37; N, 8.14. 
MS (FAB) m/e 615 (M+H)+, 637 (M+Na)+. 

EXAMPLE 23 

N-[(4S)—4-(N-Boc-Cyclohexylalanyl-Isoleucyl-Amino) 
5-(3-indolyl)-3-hydroxypentanoyl]-Valyl-OH 

EXAMPLE 23A 

N-[(4S)—4-(N-Boc-Cyclohexylalanyl-Isoleucyl-Amino) 
5-(3-indolyl)-3-hydroxypentanoyl]-Valyl Benzyl ester 
The product of Example 20a (493 mg, 0.918 mmol) 

was deprotected by the method described in Example 
1d to give the hydrochloride salt. The product of Exam 
ple 12a was debenzylated as described in Example 12b 
to give the carboxylic acid (423 mg, 1.2 equiv). The 
amine hydrochloride salt and the carboxylic acid were 
coupled using the method described in Example 1e to 
give, after ?ash chromatography on silica gel eluting 
with 1:1 EtOAc/hexane, the title compound (217 mg, 
30%). The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. 

EXAMPLE 23B 

N-[(4S)-4-(N —Boc-Cyclohexylalanyl-Iso1eucyl-Amino)~ 
5-(3—indolyl)—3-hydroxypentanoyl]—Valyl-OH 

Catalytic transfer hydrogenation of the product of 
Example 23a (40 mg, 0.05 mmol) by the method de 
scribed in Example 20d afforded, after preparative 
HPLC, the title compound. 1H NMR (CDC13, 300 
MHz) 8 0.65 (m, 6H), 1.02 (t, 6H), 0.85-1.50 (m, 6H), 
1.45 (2s, 9H), 1.70 (m, 7H), 2.25 (m, 2H), 2.30-3.20 (m, 
4H), 3.40 (m, 1H), 4.03 (m, 2H), 4.20 (m, 1H), 4.35 (m, 
2H), 4.95 (m, 1H), 6.60 (bs, 1H), 6.90-7.50 (m, 1H), 8.40 
(m, 10H). Anal calcd for C33H59N503 0.6 TFA: C, 
60.18; H, 7.68; N, 8.95; Found: C, 60.35; H, 7.74; N, 9.06. 
MS (FAB) m/e 714 (M+H)+, 736 (M+Na)+. 

EXAMPLE 24 

(2S,3R,4S)—2-(N-Boc-Isoleucyl-Isoleucyl-Amino)-l 
cyclohexyl-3,4-dihydroxy-6-methylheptane 

EXAMPLE 24A 

(2S,3R,4S)-2-Amino-1—cyclohexyl-3,4-dihydroxy-6 
methylheptane 

(2S,3R,4S)-2-[(tert-Butyloxycarbonyl) amino]-1 
cyclohexyl-3,4 —dihydroxy-G-methylheptane was pre 
pared as described in the literature: Luly, J. R.; Hsiao, 
C. N.; BaMaung, N.; Plattner, J. J. J. Org. Chem. 1988, 
53, 6109. This compound (413 mg, 1.2 mmol) was de 
protected by the method described in Example 1d to 
give the hydrochloride salt, which was dissolved in 
THF (2 mL) and treated with 1N NaOH to pH 12. The 
mixture was extracted with CH2C12 (5X5 mL). The 
combined organic extracts were dried (K2CO3) and 
concentrated in vacuo to afford the title compound (294 
mg, 99%). The 300 MHz 1H NMR spectrum was found 
to be consistent with the proposed structure. 

EXAMPLE 24B 
(2S,3R,4S)-2-(N-Boc-Isoleucyl-Amino)-l-cyclohexyl 

3,4-dihydroxy-6-methylheptane 
The product of Example 24a (330 mg, 1.42 mmol) and 

Boc-Ile-OH hemihydrate (342 mg, 1.42 mmol) were 
coupled by the procedure described in Example 10a to 
give the title compound (558 mg, 86%). 1H NMR 
(CDC13+CD30D, 300 MHz) 8 085-100 (m, 12H), 
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1.10-2.00 (m, 19H), 1.45 (s, 9H), 3.20 (d of d, 1H), 3.30 
(d oft, 1H), 3.92 (t, 1H), 4.36 (d of t, 1H), 4.90 (bs, 1H), 
6.20 (d, 1H). Anal calcd for C25H43NzO5 0.25 H2O: C, 
65.11; H, 10.60; N, 6.07; Found: C, 65.09; H, 10.48; N, 
6.03. 
MS (FAB) m/e 457 (M+H)+. 

EXAMPLE 24C 

cyclohexyl-3,4-dihydroxy-6-methylheptane 
The product of Example 24b (156 mg, 0.34 mmol) 

was deprotected by the method described in Example 
1d to give the hydrochloride salt. The salt was con 
verted to its free base using the procedure described in 
Example 24a to give the free amine (121 mg, 100%). 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. 

To a stirred solution of Boc-Ile-OH hemihydrate (81 
mg, 0.34 mmol) in THF (2 mL) at —20° C. was added 
NMM (37 pL, 0.34 mmol) followed by IBCF (44 nL, 
0.34 mmol) maintaining the temperature at or below 
—~17° C. After 20 minutes, a solution of the free base 
from above in THF (2 mL) was added continuing to 
maintain the temperature below — 17° C. The reaction 
mixture was then allowed to warm to room temperature 
overnight. The solvent was removed under reduced 
pressure and the residue partitioned between EtOAc 
and saturated NaHCO3. The organic phase was washed 
with 1N H3PO4 and brine, dried (MgSO4), and concen 
trated in vacuo to afford a residue which was crystal 
lized from 1:1 THF/EtOAc to give the title compound 
(181 mg, 93%). mp 178°—179° C. 1H NMR (CDC13, 300 
MHz) 8 0.94 (m, 18H), LOO-2.25 (m, 13H), 1.45 (s, 9H), 
3.18 (t, 1H), 3.35 (m, 1H), 3.88 (t, 1H), 4.22-4.45 (m, 
3H), 5.02 (bs, 1H), 6.56 (bs, 1H), 6.80 (bd, 1H). Anal 
calcd for C31H59N305: C, 65.37; H, 10.40; N, 7.38; 
Found: C, 65.02; H, 10.13; N, 7.38. 
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EXAMPLE 25 

(2S,3R,4S)-2-(N-Succinyl-Isoleucyl-Isoleucyl-Amino) 
1—cyclohexyl-3,4-dihydroxy-6-methylheptane 

The product of Example 24c (67 mg, 0.11 mmol) was 
deprotected by the method described in Example 1d to 
give the hydrochloride salt. The salt was converted to 
its free base using the procedure described in Example 
24a to give the free amino compound (55 mg, 100%). 
The 300 MHz 1H NMR spectrum was found to be con 
sistent with the proposed structure. MS (DCI/NH3) 
m/e 470 (M+H)+. 
The amine (50 mg, 0.10 mmol) was reacted with 

succinic anhydride (12 mg, 0.127 mmol, 1.2 equiv) by 
the method described in Example 19 to give the title 
compound. mp 253°-254° C. 1H NMR (DMSO-d5, 300 
MHz) 8 0.70-1.00 (m, 18H), 1.00-1.83 (m, 22H), 2.40 
(m, 4H), 2.92 (bd, 1H), 3.09 (bt, 1H), 4.05-4.25 (m, 3H), 
4.49 (bd, 1H), 4.70 (bs, 1H), 7.52 (d, 1H), 7.80 (d, 1H), 
7.92 (d, 1H). Anal calcd for C30H55N307 H20: C, 61.30; 
H, 9.77; N, 7.15; Found: C, 60.95; H, 9.30; N, 7.19. 
MS (FAB) m/e 570 (M+H)+, 592 (M+Na)+. 
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EXAMPLE 26 

(2S,3R,4S)-2-(N-BOC-Aspartyl(?-O-Benzyl)-Isoleu 
cyl-Isoleucyl 

-Amino)-1-cyc1ohexyl-3,4-dihydroxy-6-methylheptane 
The product of Example 24c was deprotected and 

converted to its free base by the method described in 
Example 25 to give the amino compound. The amino 
compound (100 mg, 0.21 mmol) was coupled with N-(t 
butyloxycarbonyD-B-benzyl-aspartic acid (69 mg, 0.21 
mmol) by the method described in Example 10a to give 
crude material which was ?ash chromatographed on 

' silica gel eluting with a 45 to 60% gradient of EtOAc/ 
hexanes to give, after lyophilization, the title compound 
(145 mg, 88%). mp 175°-184° C. 1H NMR (CD013, 300 
MHz) 8 0.85-1.00 (m, 18H), 1.05-2.10 (m, 24H), 1.46 (s, 
9H), 2.51 (d, 1H), 2.90 (m, 2H), 3.12 (t, 1H), 3.28 (m, 
1H), 4.10 (t, 1H), 4.35 (m, 4H), 5.59 (d, 11-1), 6.53 (d, 1H), 
6.72 (d, 1H), 6.78 (d, 1H), 7.35 (m, 5H). Anal calcd for 
C42H70N4O9 0.5 H20: C, 64.36; H,9.10; N, 7.15; Found: 
C, 64.42; H, 8.89; N, 7.10. 
MS (FAB) m/e 775 (M+H)+. 

EXAMPLE 27 

(2S,3R,4S)-2-(N-Acetyl-Isoleucyl-Isoleucyl-Amino)-1 
cyclohexyl -3,4-dihydroxy-6-methylheptane 

The product of Example 24c was deprotected and 
converted to its free base by the method described ‘in 
Example 25 to give the amino compound. To a stirred 
solution of the amine (56.5 mg, 0.12 mmol) in THF was 
added acetylimidazole (14.6 mg, 0.13 mmol). The mix 
ture was stirred overnight at room temperature. The 
solvent was removed under reduced pressure and the 
residue dissolved in EtOAc. This solution was washed 
with H20 and brine, dried, and concentrated in vacuo to 
give a residue which was ?ash chromatographed on 
silica gel to give the title compound (52.3 mg, 85%) as 
colorless crystals. mp 247°-248° C. 1H NMR (DMSO 
d6, 300 MHz) 8 0.83 (m, 18H), 1.00-1.80 (m, 22H), 1.83 
(s, 3H), 2.92 (m, 1H), 3.08 (m, 1H), 4.10 (m, 1H), 4.20 (q, 
2H), 4.50 (d, 1H), 4.71 (d, 1H), 7.52 (d, 1H), 7.82 (d, 1H), 
7.91 (d, 1H). Anal calcd for C2gH53N3O5 0.25 H2O: C, 
65.17; H, 10.41; N, 8.14; Found: C, 64.92; H, 10.35; N, 
8.00. 
MS (DCI/NH3) m/e 512 (M+H)+ 

EXAMPLE 28 

2S,3R,4S)-2-(N-Boc-Cyclohexylalanyl-Isoleucyl 
Amino)-l-cyclohexyl -3,4-dihydroxy-6-methylheptane 
The product of Example 12a was debenzylated as 

described in Example 12b to give the free carboxylic 
acid. To a stirred solution of the product of Example 
24a (38.9 mg, 0.16 mmol) in anhydrous CHzClz (3 mL) 
at 0° C. was added successively the carboxylic acid 
described above (61.4 mg, 0.16 mmol, 1 equiv), HOBT 
(33 mg, 0.21 mmol), and EDCI (33 mg, 0.172 mmol, 
0.08 equiv). The mixture was stirred overnight allowing 
to warm to room temperature. The solvent was re 
moved in vacuo and the residue taken up in EtOAc 
which was washed with 1N H3PO4 (2X), saturated 
NaHCO3 (2X) and saturated NaCl (2X), dried 
(MgSO4), and concentrated in vacuo to give a residue 
which was ?ash chromatographed to give the title com 
pound (18 mg, 29%). mp 181°—182° c. 1H NMR 
(DMSO-d5, 300 MHz) 6 0.83 (m, 12H), 1.00-1.80 (m, 
30H), 1.37 (25, 9H), 2.90-3.15 (m, 3H), 3.99 (m, 1H), 4.13 
(m, 1H), 4.23 (t, 1H), 4.47 (d, 1H), 4.72 (d, 1H), 6.75 (d, 
1H), 6.80 (d, 1H), 7.60 (d, 2H). Anal calcd for 
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C34H53N3O6: C, 66.96; H, 10.41; N, 6.89; Found: C, 
66.91; H, 10.35; N, 6.77. 
MS (DCI/NH3) m/e 610 (M+H)+. 

EXAMPLE 29 

(2S,3R,4S)-2-(N-Boc-Isoleucyl-Isoleucyl-Amino)-1-(2 
naphthyl) -3,4-dihydroxy-6-methylheptane 

EXAMPLE 29A 

(2S)-2 
-[(tert-Buty1oxycarbonyl)amino]-3-(2-naphthyl) 

propanol 
L-2-Naphthyla1anine (1.00 g, 3.18 mmol) was pro 

tected by the method described in Example 1 g to give 
the tert-butyloxy-carbonyl-protected compound (1.4 g, 
96%). 
To a stirred solution of the above acid (1.4 g, 4.4 

mmol) in anhydrous THF (7 mL) at 0° C. was slowly 
added borane-tetrahydrofuran (BH3-THF) complex 
(13.2 mL, 13.2 mmol, 3-fold excess). The cooling bath 
was removed and the mixture was allowed to warm to 
room temperature. After 10 min at 25° C., the mixture 
was again cooled to 0° C. and a solution of 1N NaOH (5 
mL) was very cautiously added. The cold solution was 
extracted with EtzO (4X) and the combined organic 
extracts were dried (MgSO4) and concentrated in vacuo 
to afford the title compound (1.21 g, 90%) as colorless 
crystals. The 300 MHz 1H NMR spectrum was found to 
be consistent with the proposed structure. 
MS (DCI/NH3) m/e 302 (M+H)+. 

EXAMPLE 29B 

(2S,3R)-2-[(tert-Butyloxycarbony1)amino]-l-hydroxy 
6-methylheptan-4-one 

To a stirred solution of anhydrous dimethyl sulfoxide 
(DMSO) (394 uL, 5.47 mmol, 2.2 equiv) in anhydrous 
CHZCIZ (7 mL) at -70° C. was slowly added a 2M 
solution of oxalyl chloride (1.85 ml, 3.78 mmol, 1.5 
equiv) at such a rate as to maintain the temperature 
below —65° C. After 10 minutes, a solution of the prod 
uct of Example 29a (750 mg, 2.48 mmol) in 10% DMSO 
in CH2C12 (5 mL) was added, again keeping the temper 
ature less than or equal to —-66° C. The mixture was 
stirred 15 minutes, after which time dry triethylamine 
(1.41 mL, 9.95 mmol, 4 equiv) was slowly added to the 
precipitated sulfoxonium salt. After 3 minutes, anhy 
drous zinc iodide (183 mg, 0.49 mmol, 0.2 equiv) was 
added. The mixture was stirred vigorously for 5 min 
utes, then trimethylsilyl cyanide (T MSCN) (1.19 mL, 
8.10 mmol, 3.5 equiv) was added and the mixture was 
allowed to warm to room temperature. After 60 min 
utes, the mixture was again cooled to 0° C. and a 2M 
solution of i-butylmagnesium chloride (13.5 mL, 27 
mmol, 10.5 equiv) in ether was added maintaining the 
temperature equal to or lower than —0° C. The mixture 
was allowed to warm to room temperature and stirred 
vfor 4 hours. The mixture was poured into EtOAc con~ 
taining 1:1 ice/1N H3PO4 . The aqueous phase was 
extracted with EtOAc and the combined organic ex 
tracts were washed with lN H3PO4, H20, and satu 
rated NaCl, dried (MgSO4), and concentrated in vacuo. 
The residue obtained was ?ash chromatographed on 
silica gel eluting with 18% EtOAc/hexane to afford the 
title compound (486 mg, 51%). The 300 MHZ 1H NMR 
spectrum was found to be consistent with the proposed 
structure. 
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MS (DCI/NH3) m/e 386 (M+H)+, 403 

EXAMPLE 29C 

(2 S,3R,4 
S)-2-[(tert-Butyloxycarbonyl)amino]-l-(2-naphthyl) 

-3,4 -dihydroxy-6-methylheptane 
To a stirred solution of the product of Example 29b 

(480 mg, 1.24 mmol) in anhydrous THF (29 mL) at 
room temperature was added sodium borohydride (48 
mg, 1.24 mmol). The mixture was stirred overnight at 
room temperature. The reaction mixture was concen 
trated in vacuo and poured into sodium chloride solu 
tion. This mixture was extracted with EtOAc, dried 
(MgSO4), and concentrated in vacuo to give a residue 
which was puri?ed by ?ash chromatography on silica 
gel eluting with 30% EtOAc/hexanes to give the title 
compound (249 mg, 52%). The 300 MHz 1H NMR 
spectrum was found to be consistent with the proposed 
structure. 

EXAMPLE 29D 

(2S,3R,4S)-2-(N-Boc-Isoleucyl-Amino)-l-(2-naphthyl) 
3,4-dihydroxy-6-methylheptane 

The product of Example 29c (60 mg, 0.15 mmol) was 
deprotected by the method described in Example 1d to 
give the hydrochloride salt. The salt was converted to 
its free base by dissolving in THF (1 mL) and adjusting 
the pH to 13 with 1N NaOH. The mixture was poured 
into CH2C12 and the aqueous phase was extracted with 
CHzClz. The combined organic extracts were dried 
over anhydrous K2CO3 and concentrated in vacuo to 
afford the free amine (45 mg, 100%). 
The free amine (45 mg, 0.155 mmol) and Boc-Ile-OH 

hemihydrate (37 mg, 0.155 mmol) were coupled by the 
method described in Example 10a to give the title com 
pound (77 mg, 99%) as colorless crystals. The 300 MHz 
1H NMR spectrum was found to be consistent with the 
proposed structure. 
MS (DCI/NH3) m/e 501 (M+H)+, 518 

(M+H+NHs)+ 
EXAMPLE 29E 

(2S,3R,4S)-2-(N-Boc-Isoleucyl-Isoleucyl-Amino)-1-(2 
naphthyl) -3,4-dihydroxy-6-methylheptane 

The product of Example 29d (70 mg, 0.139 mmol) 
was deprotected by the method described in Example 
1d and converted to its free base by the method de 
scribed in Example 29d to give the free amine (56 mg, 
100%). 
Boc-Ile-OH hemihydrate (33.5 mg, 0.139 mmol) and 

the free amine (56 mg, 0.139 mmol) were coupled by the 
method described in Example 10a to give the title com 
pound (85 mg, 99%) as a white solid. mp 168°—l69° C. 
1H NMR (CDCI3, 300 MHz) 8 0.68-0.95 (m, 18H), 1.45 
(s, 9H), 1.00-1.50 (m, 6H), 1.80 (m, 3H), 2.40 (bs, 3H), 
3.00-3.42 (m, 4H), 3.82 (t, 1H), 4.16 (m, 1H), 4.40 (q, 
1H), 5.23 (d, 1H), 6.91 (d, 1H), 7.20 (d, 1H), 7.40 (d, 3H), 
7.65-7.80 (m, 3H). Anal calcd for C35H55N306: C, 
68.43; H, 9.03; N, 6.85; Found: C, 68.37; H, 8.92; N, 6.79. 
MS (FAB) m/e 614 (M+H)+. 
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EXAMPLE 30 

(2S 
,3R,4S)-2-(N~Boc-Cyclohexylalanyl-Isoleucyl-Amino) 

1-(2-naphthyl) -3,4-dihydroxy-6-methylheptane 
Boc-Cha-OH (34.6 mg, 0.127 mmol) was coupled 

with (2S,3R,4S)-2-N-(Ile-amino)-1-(2-naphthyl)-3, 4 
dihydroxy-6-methylheptane (51 mg, 0.127 mmol), ob 
tained from the deprotection of the product of Example 
29d by the method described in Example 29c, by the 
method described in Example 10a to give, after recrys 
tallization from EtOAc/hexanes, the title compound 
(57.6 mg, 70%) as a white crystalline solid. mp 
173°-174° C. 1H NMR (CD013, 300 MHz) 8 0.70-1.05 
(m, 12H), 1.10-1.90 (m, 19H), 1.47 (s, 9H), 3.20 (m, 1H), 
3.25 (d of d, 1H), 3.48 (m, 2H), 4.00-4.20 (m, 2H), 4.55 
(m, 1H), 5.78 (bd, 1H), 7.22-7.50 (m 4H), 7.70-7.83 (m, 
3H). Anal calcd for C33H59N3O6: C, 69.80; H, 9.09; N, 
6.43; Found: C, 69.47; H, 9.02; N, 6.38. 
MS (FAB) m/e 654 (M+H)+. 

EXAMPLE 31 

(2S,3R,4S)-2-(N-Boc-Cyclohexylalanyl-Isoleucyl 
Amino)-1-(1-naphthyl) 

-3,4-dihydroxy-6-methylheptane 
The product of Example 31 was prepared in analogy 

to the method described in Example 30 using l-naph 
thylalanine instead of 2-naphthylalanine to give the title 
compound. mp 149°—150° C. 1H NMR 
(CDCl3+CD3OD, 300 MHz) 8 0.82-1.90 (m, 31H), 
1.44 (s, 9H), 3.26 (d of d, 1H), 3.38 (m, 2H), 4.05-4.23 
(m, 3H), 4.62 (q, 1H), 7.30 (bd, 1H), 7.45-7.57 (m, 7H), 
7.72 (m, 1H), 7.83 (d of d, 1H), 8.19 (d, 1H). Anal calcd 
for C33HS9N306 Q5 H20: C, 68.85; H, 9.12; N, 6.34; 
Found: C, 69.09; H, 9.10; N, 6.31. 

EXAMPLE 32 

N-Boc-Isoleucyl-Isoleucyl-Statyl 
Isopropylcarboxamide 

To the product of Example 5b (50 mg, 0.1 mmol) in 
freshly distilled THF (5 mL) cooled to —5° C. was 
added NMM (11.5 uL, 0.105 mmol) followed by IBCF 
(13.5 11L, 0.105 mmol); the reaction mixture was stirred 
at —5° C. for 15 minutes. Isopropylamine (25.5 11L, 0.15 
mmol) was added and the reaction mixture was allowed 
to warm to room temperature overnight. EtOAc with a 
small amount of MeOH was added and the mixture was 
washed with 1M H3PO4 (3 X), saturated NaHCO3 
(3X), and brine, dried (Na2SO4), and concentrated in 
vacuo to give a white solid (46 mg) which was ?ash 
chromatographed on silica gel eluting with 97/3 
CHCl3/EtOH to give an amorphous solid. Crystalliza 
tion from MeOH/H2O afforded the title compound (32 
mg, 59%). 1H NMR (CDCI3, 300 MHz) 8 0.86-1.05 (m, 
18H), 1.05-2.15 (m, 15H), 1.46 (2s, 9H), 2.30 (m, 2H), 
2.50 (bd, 1H), 3.70 (d of t, 1N), 3.80-4.25 (m, 4H), 
4.86-4.97 (m, 1H), 6.40-6.73 (m, 3H). Anal calcd for 
C23H54N405 0.25 H20: C, 61.45; H, 10.04; N, 10.24; 
Found: C, 61.48; H, 9.80; N, 10.10. 
MS (FAB) m/e 543 (M+H)+, 565 (M+Na)+. 
























